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Over the pas t  f i f t een  years ,  a body of techniques f o r  
process ing  p i c t o r i a l  information by computer has 'seen ail- 
veloped. Many of these techniques involve operat ions which 
a r e  "uniform" ( o r  "space-invariant") i n  the s e n s e  t h a t  they 
do not  aepend on posit ion wi~irl L l i e  pietiire. Fer ex2rr'ple, 
"b lur r ing"  a p i c tu re  (the new value a t  each poin t  i s  the 
average of the  old values over a given neighborhood of the 
p o i n t ) ,  o r  "d i f f e ren t i a t ing"  i t  (egg. ,  the  new value i s  the 
magnitude of the  gradient of the o ld  va lue ) ,  a r e  uniform 
operat ions,  s ince t h e i r  d e f i n i t i o n s  a r e  independent of 
pos i t ion .  
I n  these examples, the operat ions could i n  p r inc ip l e  be 
performed " i n  p a r a l l e l " ,  i .e. ,  simultaneously a t  every poin t  
of a p i c tu re ,  s ince  t h e i r  e f f e c t  a t  any poin t  does not  depend 
on t h e i r  e f f e c t s  o n  other  points .  
many operat ions i n  p a r a l l e l ,  i t  would be possible t o  process 
p i c tu re s  very quickly.  
I f  a computer could perform 
Although conventional d i g i t a l  computers normally execute 
only a s ing le  ar i thmetical  operat ion a t  a t i m e ,  i t  i s  poss ib le  
t o  achieve a cer ta in  degree of  pa ra l l e l i sm by taking advantage 
of the f a c t  t h a t  most computers can perform bas i c  l o g i c a l  and 
s h i f t i n g  operat ions simultaneously on each b i t  of a ''word". 
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This implies a p o t e n t i a l  saving i n  p i c t u r e  processing time 
by a f a c t o r  equal to  the word length,  t yp ica l ly  32 o r  36. 
Even i f  a p i c t u r e  contains many gray l e v e l s ,  one can 
regard i t  a s  a stack of binary p i c tu re s  (each " b i t  plane" 
specifying one binary place of the gray l e v e l  va lue) ,  and 
perform ar i thmetical  operat ions on the s tack  by applying 
appropriate  sequences of l og ica l  operat ions to  the individual  
b i t  planes: this s t i l l  allows considerable savings o v e r  se- 
quen t i a l  processing. 
A n  I B M  7090/94 program designate6 PAX, w X c k  p r f o r m s  
operat ions o n  d i g i t a l  p i c tu re s  using the  approach j u s t  describ- 
ed, was wri t ten a t  the  University of I l l i n o i s  during 1963 [l-32. 
;This program simulates t he  "pa t te rn  a r t i c u l a t i o n  u n i t "  (PAU) 
o f  the I L L I A C  I11 computer, which can perform operat ions i n  
p a r a l l e l  on d ig i t i zed  p i c tu re s  s tored  i n  two-dimensional re- 
g i s t e r s . ]  A CSC 3600 version of PAX, c a l l e d  COMPAX, has  been 
implemented a t  t h e  Tata I n s t i t u t e  of Fundamental Research, 
Bombay, Ind ia  [4). PAX has  also been implemented a t  t h e  
National Bureau of Standards i n  IBM 7094 vers ions c a l l e d  STAND- 
PAX and SPIFII (STANDPAX - Lmbedded i n  _FORTRAN - 11). 
The present r epor t  descr ibes  a revised and expanded version 
of PAX, designated PAX 11, developed a t  the  University of Mary- 









(1.) PAX I1 i s  a c o l l e c t i o n  o f  s u b r o u t i n e s  which may 
be c a l l e d  by a program w r i t t e n  i n  FORTRAN ( any  v e r s i o n  
e q u i v a l e n t  t o  FORTRAN I V ) .  Hence the PAX I1 u s e r  has a t  
h i s  d i s p o s a l  t h e  computa t iona l  and t e s t i n g  f e a t u r e s  of 
FORTRAN. 
(2 . )  M o s t  of t h e  PAX I1 s u b r o u t i n e s  a r e  w r i t t e n  i n  
FORTRAN to  f a c i l i t a t e  implementa t ion  on v a r i o u s  computers .  
A t  p r e s e n t ,  PAX I1 has been  implemented on t h e  IBM 7094, 
IBM 360 and Univac 1 1 0 8  computers.  
( 3 . )  The p i c t u r e s  o p e r a t e d  o n  by PAX 11, e x c e p t  f o r  
s e v e r a l  computer dependent r e s t r i c t i o n s ,  are  a r b i t r a r y  i n  
s i z e  and number. F a s t  access e x t e r n a l  s t o r a g e  can  be used ,  
i f  a v a i l a b l e .  
I n  the remainder  of  t h i s  r e p o r t ,  PAX I1 w i l l  be referred 
t o  f o r  b r e v i t y  a s  PAX. I t  i s  assumed tha t  the reader i s  
f a m i l i a r  w i t h  FORTRAN. 
4 
R e f e 1: e nc c s 
t11 
t 2 3  
c33 
t41 
J. H .  S t e i n ,  " U s e r ' s  manual f o r  PAX, a n  IBM 7090 
program t o  s i m u l a t e  t h e  p a t t e r n  a r t i c u l a t i o n  u n i t  
of  ILLIAC III",  Report  N o .  147,  D i g i t a l  Computer 
Labora to ry ,  U n i v e r s i t y  of I l l i n o i s ,  J u l y  1963. 
, "Program d e s c r i p t i o n  of PAX, a n  
IBM 7090 program to  s i m u l a t e  the p a t t e r n  a r t i c u l a t i o n  
u n i t  o f  ILLIAC I I I" ,  Repor t  N o .  151,  D i g i t a l  Computer 
Labora to ry ,  U n i v e r s i t y  of I l l i n o i s ,  Septembe:r 1963. 
R. Narasimhan, "Labe l ing  schemata and s y n t a c t i c  de- 
s c r i p t i o n s  of p i c t u r e s " ,  I n f o .  C o n t r o l  7 ,  J u l y  1964,  
151-179. 
, "Syn tax -d i r ec t ed  i n t e r p r e t a t i o n  of 
c l a s s e s  o f  p i c t u r e s " ,  Corn, Assoc. Comp. Mach. 9 ,  
March 1966,  166-173. 
2 .  G e s c r i p t i o n  of PAX 
2 . 1  P l a n e s  
The basic d a t a  u n i t  for PAX i s  the p l a n e ,  a matrix 
whose e l e m e n t s  are  e i t h e r  z e r o  o r  ones.  An e l e m e n t ,  o r  p o i n t ,  
i n  a p l a n e  i s  i d e n t i f i e d  by i t s  column number and row number. 
and m a t r i x  n o t a t i o n s . )  
mined by  parameters  s t o r e d  i n  a l a b e l e d  common, s u b j e c t  to  the 
The dimensions of t h e  p l a n e s  a r e  d e t e r -  
r e s t r i c t i o n  that  t h e  number of e lements  i n  a r o w  must be a mul- 
t i p l e  ( a t  l e a s t  two) of the number of b i t s  i n  a computer word. 
On the IBM 7094,and  UNIVAC 1108,  the number o f  e l e m e n t s  i n  a 
row may be 7 2 ,  108,  144, etc.  On t h e  IBM 360 t h e  number may be 
64, 96,  1 2 8 ,  e tc .  For  d i f f e r e n t  a p p l i c a t i o n s ,  p l a n e  s i z e  may be 
changed by a l t e r i n g  the  b l o c k  d a t a  program, COMMON, which i n -  
i t i a l i z e s  labeled c o ~ ~ m ,  During execu t ion  of a g iven  program, 
however, p l a n e  s i z e  remains f i x e d .  
The number o f  p l anes  a v a i l a b l e  i s  a l s o  determined by para- 
meters i n  l a b e l e d  common, s u b j e c t  to  r e s t r i c t i o n s  of i n t e r n a l  
and e x t e r n a l  s t o r a g e  space a v a i l a b l e .  I n  computers w i t h  f a s t  
access external s t o r a g e ,  PAX has the c a p a c i t y  to  s tore  p l a n e s  
ex terna l ly  and to  move p l a n e s  o r  p a r t s  of p l a n e s  to and from 
core s t o r a g e  as  they  are needed. The PAX u s e r  need n o t  be con- 
cerned  w i t h  d e t a i l s  of when and how t h e  p l a n e s  are  moved. 
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I 
When a PAX u s e r  wants  t o  u s e  a p l a n e ,  he chooses  an  i n -  
teger v a r i a b l e ,  s e t s  i t  t o  z e r o ,  and u s e s  i t  a s  a n  o u t p u t  
argument i n  a PAX s u b r o u t i n e .  (Output  arguments  are  those 
which b e g i n  w i t h  the l e t t e r s  I P O  i n  the s u b r o u t i n e  document- 
a t i o n  i n  this manual,) 'PAX, when i t  detects the zero,  selects 
a n  unused p l a n e ,  s t o r e s  a number i d e n t i f y i n g  the p l a n e  i n  the 
i n t e g e r  v a r i a b l e ,  and performs the r e q u e s t e d  o p e r a t i o n  on the 
p l a n e .  Subsequent  u s e  of the same i n t e g e r  v a r i a b l e  a s  a n  
argument i n  a PAX s u b r o u t i n e  w i l l  c a u s e  the s a m e  p l a n e  t o  be 
operated upon. A FORTRAN i n t e g e r  v a r i a b l e  so used  to  i d e n t i f y  
a p l a n e  w i l l  be c a l l e d  a p l a n e  index .  The f o l l o w i n g  FORTRAN 
i n s t r u c t i o n s  w i l l  se lect  a p l a n e ,  se t  a l l  p o i n t s  to z e r o ,  and  
t h e n  s e t  the t h i r d .  p o i n t  i n  the first r o w  t o  one.  
IP = 0 
CALL CLEAR ( I P ,  0 )  
CALL WRITEC ( I P ,  3 ,  1) 
i f  a l l  p l a n e s  a r e  i n  u s e  and a r e q u e s t  for a n  unused p l a n e  
i s  attempted, PAX p r o v i d e s  a core dump and t h e n  t e r m i n a t e s  
e x e c u t i o n  o f  the program. To help a v o i d  t h i s  s i t u a t i o n ,  p l a n e s  
t ha t  are i n  use b u t  no l o n g e r  needed shou ld  be released, tha t  
i s ,  r e t u r n e d  to  u n u s e d - s t a t u s  by c a l l i n g  s u b r o u t i n e  RELEAS. 
Assume that  p l a n e  I P  i s  i n  use .  
se lect  a new p lane ,  I P S ,  p u t  o n  p l a n e  IPS the r e s u l t  of' s h i f t i n g  
The f o l l o w i n g  i n s t r u c t i o n s  
p l a n e  I P  one  element t o  the r igh t ,  combine the t w o  p l a n e s  on  
p l a n e  I P  w i t h  a l o g i c a l  OR, and release p l a n e  IPS. The Same 
number of p l a n e s  is i n  u s e  b e f o r e  and  a f t e r  the i n s t r u c t i o n s  
are  executed.  
. 
I P S  = 0 
CALL SHIFT ( I P S ,  I P ,  1, 0 )  
CALL OR ( I P ,  I P ,  I P S ,  0 )  
CALL RELEAS (1, I P S )  
The u s e r  must keep  i n  mind t ha t  the o p e r a t i o n  of many 
PAX s u b r o u t i n e s  r e q u i r e s  p l a n e s  i n  a d d i t i o n  to those h e  i s  
us ing .  Any s u b r o u t i n e  using such "scratch p l a n e s "  w i l l  re- 
lease them when i t  completes i t s  o p e r a t i o n .  I 
Some of the PAX s u b r o u t i n e s  have  an argument called a con- 
t ex t  p l ane .  I n  g e n e r a l ,  a c o n t e x t  p l a n e  i s  a b i n a r y  p l a n e  used 
as  a mask to  l i m i t  t h e  o p e r a t i o n  of a s u b r o u t i n e  to  a s u b s e t  of I I 
t h e  p o i n t s  on a p l a n e  or s t a c k  of p l a n e s .  
2 .2  Windows 
Some PAX r o u t i n e s  operate on r e c t a n g u l a r  s u b s e t s  of a p l a n e  
known a s  windows. A window i s  specified by an  a r r a y  o f  f o u r  
i n t e g e r s  which r e p r e s e n t  r e s p e c t i v e l y  1) the f i rs t  column, 2 )  
the f irst  r o w ,  3 )  the width,  and 4 )  the h e i g h t , o f  the window. 
a 
T h e  f o l l o w i n g  s t a t e m e n t s  w i l l  d e f i n e  I W  a s  a 
window i n  the  upper l e f t - h a n d  c o r n e r  of a p l  
t e n  b y  t e n  
n e  and t h e n  
w i l l  c ause  t ha t  window o f  p l a n e  I P X  t o  be p r i n t e d .  
DIMENSION I W  (4)  
DATA I W  /I, 1, 10, l o /  
CALL P R I N T  (1, I W ,  IPX) 
2 - 3  Stacks of P l a n e s  
To r e p r e s e n t  a g r a y s c a l e  p i c tu re - - a  matrix whose e l emen t s  
a r e  non-negat ive i n t e g e r s  t h a t  may be g r e a t e r  t h a n  one--PAX 
u s e s  an array or  "stack" of  p l a n e s .  The v a l u e  of a p o i n t  i n  
the j th column, k t h  r o w  of a s t a c k  of p l a n e s  I P  (I) , . . . , IP(NP) 
i s  
NP 
i M c 2i-1 
i=l 
w h e r e  M i s  the v a l u e  ( 0  o r  1) of the p o i n t  i n  the j t h  column, 
kth row o f  p l a n e  I P ( i ) .  S u b r o u t i n e  WRITEZ may be used  to  set  
i 
a p o i n t  i n  a s t a c k  o f  p l a n e s  to  a g i v e n  v a l u e .  S u b r o u t i n e  READZ 
sets a n  i n t e g e r  v a r i a b l e  to the v a l u e  of a specified p o i n t  i n  a 
stack of p l a n e s .  S u b r o u t i n e s  INPUT and OUTPUT t r a n s m i t  v a l u e s  
between a n  i n t e g e r  a r r a y  and a window of a stack of p l a n e s ,  one  
row a t  a t i m e .  
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The following ins t ruc t ions  e s t ab l i sh  a stack of three 
planes,  s e t  a l l  po in ts  to  zero, read values from the f i r s t  
ten columns of t e n  cards i n t o  a ten by ten window i n  the 
upper l e f t  corner of the s tack,  and then s e t  JVALUE tc the 
value of the point  i n  the f i r s t  column, 
s tack.  




DIMENSION I P ( 3 ) ,  I W ( 4 ) ,  K ( 1 0 )  
DATA IP / j*O/ ,  I W /  1,1,10,10/ 
CALL C L E A R S ( I P ,  0 ,  3 )  
CALL I N P U T  ( 3 ,  I W ,  I P ,  K ,  J G T )  
READ ( 5 , 2 0 )  K 
FORMAT (1011) 
CALL INROW 
GO TO .(IO, 3 0 ) ,  J G T  
CALL READZ ( J V A L U E ,  1, 5 ,  3 ,  I P )  
The u s e r  mus t  insure t h a t  s tacks of planes a r e  l a rge  
enough fo r  the values they w i l l  contain.  A program may 
operate  on s tacks of d i f f e ren t  s i zes ,  s ince subroutines 
t h a t  operate on s tacks require the s i z e  of the stack a s  an  
argument. 
2 .4  Shiftinq 
Shi f t ing  operations i n  PAX require  the user t o  specify 
two integer  s h i f t  parameters which ind ica te  the number of 
po in ts  the plane i s  t o  be sh i f t ed  hor izonta l ly  and v e r t i c a l l y .  
Pos i t ive  parameters indicate  r i g h t  and up s h i f t s :  negative 
parameters i nd ica t e  l e f t  and down s h i f t s .  Zeros a r e  sh i f t ed  
onto the edges of the plane opposite the d i r ec t ion  of the 
s h i f t .  
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The fo l lowing  i n s t r u c t i o n s  s e l e c t  a new p l a n e ,  IP, 
s e t  a l l  p o i n t s  t o  one ,  s h i f t  t h e  ones o f f  a l l  edges of  
t h e  p l a n e ,  and complement t h e  p l ane .  The r e s u l t  i s  a 
:sl;11c wi th  ones  only a long  i t s  edges.  
IP = 0 
CALL CLEAR (IP,1) 
CALL SHIFT (IP, IP,2,2) 
GILL EQUAL (IP, IP , 1) . CALL SHIFT (IP , IP , -1, -1) 
2 . 5  D i r e c t i o n s  and D i r e c t i o n  L i s t s  
P a i r s  of  s h i f t  parameters  a r e  c a l l e d  d i r e c t i o n s .  The 
i d e n t i t y  d i r e c t i o n  i s  0 , O .  A d i r e c t i o n  l i s t  i s  an a r r a y  o f  
s h i f t  pa rame te r s  and has t h e  fo l lowing  form: The f i r s t  ele- 
ment o f  t h e  a r r a y  s p e c i f i e s  how many d i r e c t i o n s  follow i n  the 
a r r a y .  Then s u c c e s s i v e  p a i r s  of e l emen t s  of  t h e  a r r a y  a r e  t h e  
d i r e c t i o n s .  Some s u b r o u t i n e s  r e q u i r e  a d i r e c t i o n  l i s t  a s  an 
argument. O the r  s u b r o u t i n e s  r e q u i r e  t h e  l o c a t i o n  o f  a d i r e c t i o n  
l i s t ,  t h a t  i s ,  an a d d r e s s  c o n s t a n t  p o i n t  t o  the f i r s t  e lement  
of a d i r e c t i o n  l i s t .  I n t e g e r  Funct ion LOC g e n e r a t e s  such 
a d d r e s s  cons t a n  t s  . 
The fo l lowing  i n s t r u c t i o n s  d e f i n e  a d i r e c t i o n  l i s t ,  I D L ,  
c o n t a i n i n g  f i v e  d i r e c t i o n s ,  and makes LDL i t s  l o c a t i o n .  
DIMENSION I D L  (11) 
DATA IDL/5, O,O, - I - , O ,  O,1 1 , O ,  0t-U 
LDL=LOC ( IDL)  
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D i r e c t i o n  l i s t s  a r e  used to  d e f i n e  neighborhood and 
connec tedness .  L e t  IDL be a d i r e c t i o n  l i s t .  T h e  IDL- 
ne ighbors  o f  a p o i n t  a r e  the p o i n t s  o b t a i n e d  by s h i f t i n g  
the g i v e n  p o i n t  i n  t h e  d i r e c t i o n s  i n  the l i s t .  An I D L -  
connec ted  s t r i n g  o f  p o i n t s  i n  a p l a n e  i s  a f i n i t e  sequence 
o f  points P o ,  P1,...P such  that  a l l  n 
same v a l u e  and P i s  an IDL-neighbor i 
2 ,  ..., n. A p o i n t  P i s  IDL-connected 
the p o i n t s  have  the 
o f  Pi 
t o  a p o i n t  P i f  t h e r e  
f o r  i = 1, - 
0 
P such  tha t  P = P . O'."' n n i s  a n  IDL-connected s t r i n g  P 
2.6 D a t a  S t r u c t u r e  
The p o i n t s  i n  one r o w  o f  a p l a n e  a re  r e p r e s m t e d  by 
s u c c e s s i v e  b i t s  of c o n s e c u t i v e  computer words. 
r o w s  a re  s t o r e d  one a f t e r  the other.  P l a n e s  may be d i v i d e d  
h o r i z o n t a l l y  i n t o  b l o c k s  c o n t a i n i n g  e q u a l  numbers o f  r o w s .  
Except i n  the case d e s c r i b e d  below, o n e  block per p l a n e  should  
be s p e c i f i e d .  Fast a c c e s s  e x t e r n a l  storage may be used  t o  per -  
m i t  v e r y  large p l a n e s  o r  to  i n c r e a s e  the number o f  p l a n e s  a v a i l -  
able. When e x t e r n a l  storage i s  used ,  blocks are  the d a t a  ele- 
ments t h a t  a r e  moved between i n t e r n a l  and  e x t e r n a l  storage. 
If i n t e r n a l  s t o r a g e  i s  s u f f i c i e n t  f o r  o n l y  a f e w  p l a n e s ,  t hen  
each p l a n e  must be d i v i d e d  i n t o  several  blocks so t h a t  blocks 
of many p l a n e s  may be i n  i n t e r n a l  storage s imul t aneous ly .  
S u c c e s s i v e  
Blocks of p l a n e s  a r e  stored i n t e r n a l l y  i n  b u f f e r s .  Sub- 
r o u t i n e  LOCATE c o n t r o l s  the S u f f e r  a s s ignmen t s  and c a l l s  SLb- 
~~ ~~ 
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rout ine DISK, when necessary, t o  move blocks between 
bu f fe r s  and external storage. S-abroutine DISK cont ro ls  
external  storage a l loca t ion .  
When a PAX subroutine needs a block of a p a r t i c u l a r  
plane, i t  c a l l s  Subroutine LOCATE, which f inds  the block. 
I f  the block i s  n o t  i n  a bu f fe r ,  an ava i lab le  buf fer  i s  
found o r  a buffer i s  made ava i lab le  by moving i t s  contents 
t o  external  storage, and then the specif ied block i s  moved 
i n t o  the buf fer .  The buffer  i s  marked so t h a t  i t s  contents 
a r e  i n e l i g i b l e  t o  be moved to external s torage,  and the 
address of the buffer i s  returned to  the c a l l i n g  subroutine. 
When the subroutine i s  f inished with the block i t  c a l l s  
LOCATE which marks the buf fer  so t h a t  i t s  contents a r e  
e l i g i b l e  fo r  external storage. 
To minimize movement of blocks between i n t e r n a l  and 
ex terna l  storage,  Subroutine LOCATE maintains an a c t i v i t y  
queue of buffers .  Unused buf fers  a r e  kept a t  t he  headrof 
the queue. When a buffer  i s  ac t ive  i t  i s  moved to the end 
of the queue. 
the contents of the buf fer  a t  the 'head of the queue--the 
l e a s t  a c t i v e  buffer--are moved t o  ex terna l  storage.  
I f  a buf fer  i s  needed and none a r e  unused, 
Subroutine LOCATE a l so  supervises the s t a t u s  of the 





















LOCATE, i t  selects  an  unusued p l a n e ,  s tores i t s  number i n  
the index  and marks the p l a n e  as  b e i n g  i n  use .  
r e t u r n e d  to  unusued s t a t u s  by S u b r o u t i n e  RELEAS which i s  
ar, e n t r y  i n  S u b r o u t i n e  LOCATE. 
2.7 Labeled  Common 
The f o l l o w i n g  b l o c k s  of l a b e l e d  common a r e  used  by PAX, 
P l a n e s  a r e  
Sone of these b l o c k s  a re  i n i t i a l i z e d  by a block d a t a  program. 
Others a re  i n i t i a l i z e d  on the f i r s t  c a l l  to  S u b r o u t i n e  LOCATE. 
Some of  the b l o c k s  a r e  of i n t e r e s t  t o  the u s e r  because  they 
c o n t a i n  parameters r e f e r r i n g  t o  p l a n e  s i ze .  B y  u s i n g  these 
parameters, a program may be w r i t t e n  t h a t  w i l l  operate pro- 
perly i f  the p l a n e  s i ze  i s  al tered.  
A .  Machine depe'nden t blocks 
/Mwx/ NEW, NAW 
/PRX/ NWL, NCH, FL1(3), FL2(3) 
NEW - Number of b i t s  i n  a word ( i n t e g e r  v a r i a b l e )  
NAW ' -  Number of machine a d d r e s s e s  per  word 
NWL - Number of words (packed w i t h  A-format 
characters) per  p r i n t  l i n e .  
NCH - Number of characters ( e x c l u d i n g  c a r r i a g e  
c o n t r o l )  per p r i n t  l i n e .  
F L 1  - Format fo r  p r i n t i n g  one  l i n e  of packed 
A - f o r m a t  characters w i t h  s i n g l e  spacing. 
FL2 - Format f o r  p r i n t i n g  one  l i n e  of packed 
A - f o r m a t  characters w i t h  overstrike.  
B.  Blocks s p e c i f y i n g  p lane  s i z e  and number. 
/LSZ/ LPB, LBA, LBR, LRE, LCE, LRA 
/PLX/ NPLN, NBUF 










I W  
Length of  p l a n e  i n  b locks .  
Length of  b l o c k  i n  addres ses .  
Length of  b l o c k  i n  rows. 
Length of row i n  e lements  (b i t s ) .  
Length o f  column i n  e lements  (bits) .  
Length o f  r o w  i n  a d d r e s s e s .  
N u m b e r  o f  p l anes .  
Number of b u f f e r s  (each  holds one 
Window f o r  t h e  e n t i r e  p l a n e .  
block o f  a p l ane ) .  
C. Blocks used f o r  s t o r a g e .  D i m e n s i o n s  o f  a r r a y s  a r e  
g iven  i n  t e r m s  o f  p r e v i o u s l y  mentioned pa rame te r s .  
/PIX/ PLANES(NPLN) 
/BUF/ BUFFER ( LBA/NAW, NBUF) 
/BUX/ BLOCK ( 5 ,NBUF) 
/ROW/ IR(MAXO(LRE,NCH) ) 
PLANES - Array i n d i c a t i n g  s t a t u s  of each p l ane .  
BLOCK - Array c o n t a i n i n g  f i v e  control  w o r d s  
BUFFER - B u f f e r s  f o r  s to r ing  blocks of p l anes .  
I R  - Array which may be used on a temporary 
basis to  s t o r e  v a l u e s  from one r o w  of 
a p l ane .  
fo r  each b u f f e r .  
D. C h a r a c t e r s  used by Subrou t ine  P R I N T  
/LTX/LT ( 3 2 ) 
LT - Array c o n t a i n i n g  c h a r a c t e r s  used by 
Subrou t ine  PRINT. 
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3 .  S u b r o u t i n e s  
3.1 Key t o  s u b r o u t i n e  parameters 
The conven t ions  described below a re  fo l lowed  i n  the 
s u b r o u t i n e  documentation i n  t h i s  manual. Programmers u s i n g  
PAX a re  urged to  follow t h e s e  conven t ions  i n  t he i r  own pro-  


















Computed go t o  pa rame te r  
D i r e c t i o n  l i s t  
I n v e r s e  s w i t c h  a s s o c i a t e d  w i t h  
P l a n e  i n d e x  o r  a r r a y  o f  p l a n e  i n d i c e s  
Index  of a c o n t e x t  p l a n e  
Index  o r  array of i n d i c e s  o f  i n p u t  
Index  o r  array of i n d i c e s  of o u t p u t  
Window of a p l a n e  
I n t e g e r  argument which may be a l t e r ed  
by a s u b r o u t i n e  
Column of a p l a n e  
Row of a p l a n e  
Address  c o n s t a n t  o r  array of address 
c o n s t a n t s  p o i n t i n g  t o  d i r e c t i o n  l i s t s  
Number of p l a n e  i n d i c e s  i n  array IP**** 
H o r i z o n t a l  sh i f t  pa rame te r  
V e r t i c a l  s h i f t  parameter 
R e a l  argumerit which may be a l t e r e d  by 
p l a n e  IP*** 
p l a n e s  
p l a n e s  
a s u b r o u t i z e  
3 . 2  Index of  u s e r  s u b r o u t i n e s  
Subrou t ines  preceded  by I = '  are  f u n c t i o n s .  A l l  o ther  
s u b r o u t i n e s  are r e f e r e n c e d  by a ' C A L L '  s t a t e m e n t .  Cross- 
r e f e r e n c e s  a r e  qiven on s u b r o u t i n e s  whose documentat ion i s  
n o t  i n  a l p h a b e t i c a l  order.  
The f i r s t  t i m e  a p l a n e  i n d e x  i s  used ,  i t  must be used  
a s  o n e  o f  the arguments beg inn ing  w i t h  the l e t te rs  I P O .  
A D D ~ T P ( I P ,  IPS, N P S )  
A D D S U B ( I P 0 ,  NPO, I P I 1 ,  N P I 1 ,  I P I 2 ,  N P I 2 ,  I A D S B )  
A N D ( I P 0 ,  I P I 1 ,  I P I 2 ,  I N V I 2 )  
A N D S ( I P 0 ,  I P I 1 ,  I P I 2 ,  I N V I 2 ,  N P )  
A P P L Y ( I P 0 ,  NPO, I P O S ,  I P I ,  L D L )  
A R E A ( I P ,  I N V ,  I P C ,  JAREA) 
B O O F U N ( I P 0 ,  I P I ,  I P C ,  FUN) 
BORDER ( I P  , J G T )  
C A R D S ( N P 0 ,  I W ,  I P O )  
C I R C L E ( I P ,  KX, KY, KRAD) 
CLEAR ( IPO , INVO) 
CLEARS ( I P O  , INVO , NPO) 
COMPAN(LDL, I P ,  I N V ,  JARRAY, JN) 
CONNEC(LDL, IPO, IPI, IPC, JCOUNT) 
=COOFtD (KX, KY) INTEGER COORD 
























DIST(IP0, NPO, IPI, INVI, LDL, NDL, MAX) 
DLTOIR(LDL, JX, JY, JGT, JID) 
EDGES (IPO, IPI , LDL) 
EQ'clAL(IP0, IPI, INVI) 
EQUALS(IPO, IPI, INVI, NP) 
EXCHAR 
EXOR(IPO, IPI~, 1~12, 1 ~ 1 2 )  
EXORS(IP0, IPI1, IPI2, INVI2, NP) 
EXTRM(JVALUE, MINMAX, IP, NP, IPC) 
EXTRMP(JVALUE, MINMAX, IP, NP, IPC, IPO) 
FRAME ( IP, NSIZE) 
GRID(IP0, NSIZE) 
INETIA(NP, IP, IW, JX, JY, RECC, RANGLE) 
INPUT(NP0, IW, IPO, NROW, JGT) 
INROW 
INSERT(IP0, NPO, IPI , NVALUE) 
LETTER 
LISTXY(IP, IW, JARRAY, J) 
=LOC ( IDL) 
MARK(LDL, IPO, IPI, IPC) 
MAXIMA(LDL, IPO, IPI, NPI) 
MINIMA(LDL, IPO, IPI, NPI) 
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N E I G E S ( I P ,  N P ,  KX, KY, I D L ,  JARRAY) 
NELL ( IP , JGT) 
O R ( I P 0 ,  I P I 1 ,  I P I 2 ,  I N V I 2 )  See AND 
O R S ( I P 0 ,  I P I 1 ,  I P I 2 ,  I N V I 2 ,  N P )  See AND 
OUTPUT ( N P  , I W ,  I P  , JROW, J G T )  
OUTROW 
= P O I N T ( L O C A T N ,  N )  
P R I N T ( N P ,  I W ,  I R )  
P R O P ( L D L ,  NDL, I P O ,  I P I ,  I P C ,  NPROPS)  
PUNCH(NP, IW, IP) 
=RANDNO ( N R )  
R A N P I C ( I P 0 ,  I W ,  PROB, NVALUE, NR) 
READZ(JVALUE,  KX, KY, N P I ,  I P I )  
RELEAS ( N P ,  IP) 
RPROP(IPO, IPI, IPC, NX, NY) 
SHIFT(IPO, IPI, NX, NY) 
S H I F T S ( I P 0 ,  I P I ,  NX, NY, N P )  
S L I C E ( I P 0 ,  I P I ,  N P I ,  K R E L ,  NUM) 
SNAP 
S P R I N T ( N P ,  I W ,  I P ,  N S P )  
S U M O N E ( I P ,  N P ,  IPS, I P I ,  I A D S B )  
TMARK(LDL, I P O ,  I P I ,  I P C ,  KREL,  NUM) 
TSHIFT(IP, NX, NY, JGT) 
UNCOOR(KP, JX, JY) 
See P R I N T  




















W I N D O W  (IPO , iw) 
WRITEC(IP, KX, KY) ' 
WRITEZ(NVALUE, KX, KY, NP, IP) 
A .  








3 .3  Zser  s u b r o u t i n e s  c l a s s i f i e d  by f u n c t i o n  
T h i s  c l a s s i f i c a t i o n  does n o t  i n c l u d e  a l l  u s e r  r o u t i n e s .  
It i s  i n t e n d e d  a s  a g u i d e  fo r  t h o s e  n o t  f ami l i a r  w i t h  PAX. 
I n p u t  to  p l a n e s  
WRITEX, WRITEZ,  I N P U T ,  CARDS 
Oukput from p l a n e s  
READZ, NEIGHB,  L I S T X Y ,  OUTPUT, P R I N T ,  PUNCH 
F i g u r e  c r e a t i o n  
C I R C L E ,  FRAME, G R I D ,  WINDOW, I N S E R T  
L o g i c a l  o p e r a t i o n s  
CLEAR, EQUAL, AND, EXOR, O R ,  BOOFUN 
A r i t h m e t i c a l  o p e r a t i o n s  on  s tacks o f  p l a n e s  
A D D l T P ,  SUMONE, ADDSUB, MAXIMA, MINIMA , SLICE 
T e s t i n g  and measuring o p e r a t i o n s  
NULL, EXTRM, AREA, T S H I F T ,  BORDER, I N E T I A  
S h i f t i n g  and  i t e r a t ed  s h i f t i n g  o p e r a t i o n s  
S H I F T ,  MARK, P R O P ,  CPROP,  RPROP 
O p e r a t i o n s  r e l a t i n g  to  connec tedness  







3.4 index of System S u b r o u t i n e s  
The following s u b r o u t i n e s ,  a l t h o u g h  a v a i l a b l e  LG the 
u s e r ,  z r c  p r i m a r i l y  f o r  u s e  by other  PAX s u b r o u t i n e s .  Sub- 
r o u t i n e s  ;>receded by ' = '  a re  f u n c t i o n s .  A l l  o ther  s u b r o u t i n e s  
a r e  rcfcrcnced by a 'CALL'  s t a t e m e n t .  Cross r e f e r e n c e s  a r e  
g i v e n  0;' s u b r o u t i n e s  whose documentat ion i s  n o t  in al@h~het ica2.  
order .  
DISK(BUFFSR) 
FP(LWOIID, B I T ,  ARRAY, N ,  P O S )  
=KGB (LOCATN, N)  
=KGC (KV, K) 
K P B ( 1 ,  LOCATN, N)  
K P C ( K A R ,  KV, N)  
LOCATE(N?,  I P ,  I B ,  LOCATN) 
O P  (LOCATN) See S E T O P  
PF(LWORD, B I T ,  ARRAY, N ,  POS) 
RSEEK(NPB) See D I S K  
S E T O P  (OPCODE, LENGTH) 
SETSH (COUNT, LENGTH) 
S H ( L O C I N ,  LOCOUT) 
WSEEK(NPB) 
See  SETSH 
See D I S K  
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P O I N T  
RANDNO 
S E T O P ,  O P  




3.6 Documentation of Subrou t ines  




To add t h e  v a l u e s  i n  a p l a n e  t o  t h e  v a l u e s  i n  a s t a c k  of 
p l a n e s .  
Usage : 
CALL A D D l T P ( I P ,  IPS, NPS) 
Parameters :  
I P  - Index  of p l a n e  t o  be added 
IPS - A r r a y  of i n d i c e s  of p l a n e s  i n  t h e  s tack  t o  which 
p l a n e  I P  i s  t o  be added 
NPS - Number of p l anes  i n  stack IPS 
Execut ion:  
P l a n e  I P  i s  added t o  t h e  s t a c k  I P S ( l ) ,  ..., IPS(NPS). 
Overflow from t h e  stack i s  l o s t  and i s  n o t  d e t e c t e d .  
ADDSUB 
S u b r o u t i n e  ADDSUB 
Purpose: 
To add or s u b t r a c t  two s t a c k s  of p l a n e s .  
Usage : 
CALL ADDSUB ( I P O ,  NPO, I P I 1 ,  NPI1, I P I 2 ,  N P I 2 ,  IADSB) 
Parameters :  
IPO - Output  s t a c k  
NPO - Number of p l a n e s  i n  stack I P O  
I P I l  - F i r s t  i n p u t  stack 
NPIl  - Number of p l a n e s  i n  stack I P I l  
IP12 - Second i n p u t  stack 
NP12 - Number of p l a n e s  i n  stack IP12 
IADSB - I n t e g e r  set t o  1 f o r  a d d i t i o n  or 2 f o r  s u b t r a c t i o n  
I 
Execut ion:  
stack I P I l  and t h e  r e s u l t  i s  p u t  i n  stack IPO.  The stacks of 
p l a n e s  need n o t  be d i s t i n c t .  
t i v e  s i z e s  of the s t acks .  NP12 must n o t  exceed N P I 1 ,  and NPIl  
must n o t  exceed NPO. 
S t a c k  IP12 i s  added t o  (IADSB=l) o r  s u b t r a c t e d  from (IADSB=2) 
Some r e s t r i c t i o n  i s  p u t  on t h e  rela- 
I f  t h e r e  i s  a d d i t i o n  ove r f low or i f  s u b t r a c t i o n  would r e s u l t  
i n  a n e g a t i v e  v a l u e  a n  e r r o r  message i s  p r i n t e d  and e x e c u t i o n  i s  




















L Y s j l  ALGDS, ..&, 
EXOR, EXORS, 
OR,  ORS 
I P I l ( 1 )  I P I 2 ( 1 )  IPO ( I )  5 
I 
AND, , A N D s  EXOR, EXORS O R ,  ORS 
I N V 2 = O  INV2fO I N V 2 = O  INV2#0 I N V 2 = O  INV2#0 
0 0 0 0 0 1 0 1 
0 1 0 0 1 0 1 0 
1 0 0 1 1 0 1 1 
1 1 1 0 0 1 1 1 
i 
1 
S u b r o u t i n e s  AND, ANDS, EXOR, EXORS, O R ,  O R S  
Purpose:  
T o  s e t  each p o i n t  of  a p l a n e  (stack o f  p l a n e s )  t o  a 
l og ica l  combinat ion of the co r re spond ing  p o i n t s  on  t w o  
planes (s tacks of p l a n e s ) .  
Usage: 
2,:UL ,XXX(IPO, I P I 1 ,  I P I 2 ,  INVI2) 
CALL XXXS(IP0, I P I 1 ,  I P I 2 ,  INVI2, NP) 
XXX i s  AND, EXOR, o r  OR 
Parameters :  
IPO - Array of i n d i c e s  of o u t p u t  p l a n e s  
I P I l  - Array  of i n d i c e s  of i n p u t  p l a n e s  
I P I 2  - Array  of i n d i c e s  of i n p u t  p l a n e s  
INVI2 - I n v e r s e  s w i t c h  associated w i t h  IP12 
NP - Number of  i n d i c e s  i n  IPO, I P I 1 ,  and IP12 
Execut ion:  
P o i n t s  i n  p l a n e  I P O ( 1 )  a r e  set a c c o r d i n g  t o  the values of 
co r re spond ing  p o i n t s  i n  planes I P I l ( 1 )  and I P I 2 ( 1 )  f o r  I = 1, ..., NP a c c o r d i n g  t o  the  f o l l o w i n g  table. 
AND, EXOR, and OR,  N P  is  assumed t o  be 1. 
For  S u b r o u t i n e s ,  
APPLY 
Su 'broutnne  APPLY 
PLxposc: 
To determine t h e  d i f f e r e n c e  o f  t h e  sums o f  t h e  v a l u e s  
of t h e  p o i n t s  i n  two s p e c i f i e d  neighborhoods o f  each p o i n t  
o f  a p l a n e .  
t empla t e ,  having va lues  0 ,  +1, o r  -1 a t  eve ry  p o i n t ,  w i t h  
t h e  p l ane .  
T h i s  i s  e q u i v a l e n t  t o  c r o s s - c o r r e l a t i n g  o f  
USAGE : 
CALL APPLY NPO, IPOS,  I P I ,  LDL) 
Parameters :  
I P O  - Stack of p l a n e s  t o  r e c e i v e  a b s o l u t e  v a l u e  of 
the d i f f e r e n c e s  
NPO - Number of p l a n e s  i n  I P O  
IPOS - Plane  c o n t a i n i n g  t h e  s i g n s  a s s o c i a t e d  w i t h  t h e  
va lues  i n  I P O  
I P I  - Index o f  i n p u t  p l a n e  
LDL - Array c o n t a i n i n g  t h e  l o c a t i o n s  of  two d i r e c t i o n  
l ists  
Execut ion:  
The a b s o l u t e  va lue  s t a c k  and t h e  s i g n  plane a r e  cleared.  
Plane  I P I  i s  s h i f t e d  t h e  o p p o s i t e  of  each  d i r e c t i o n  i n  t h e  
l i s t  p o i n t e d  t o  by  LDL(1)  and added t o  t h e  a b s o l u t e  va lue  
s t a c k .  
i n  t h e  l i s t  po in ted  t o  by LDL(2)  and a l g e b r a i c a l l y  s u b t r a c t e d  
from s t a c k  I P O  and i t s  a s s o c i a t e d  s i g n  p l a n e  IPOS. When t h e  sub- 
r o u t i n e  i s  f i n i s h e d ,  p o i n t s  on p l a n e  IPOS have  t h e  va lue  1 i f  
t h e  cor responding  va lue  on s t a c k  I P O  i s  n e g a t i v e .  
Then p lane  I P I  i s  s h i f t e d  t h e  o p p o s i t e  of  each d i r e c t i o n  
The u s e r  must  see t h a t  s t a c k  I P O  h a s  enough p l a n e s  t o  con- 
t a i n  any p o s s i b l e  r e s u l t .  Overflow is n o t  d e t e c t e d .  
AREA 
Subrou t ine  AREA 
Purpose: 
correspond t o  t h e  ones  i n  a c o n t e x t  p l ane .  
To f i n d  t h e  number of ones or  z e r o s  i n  a p l ane  which 
Usage: 
,73 - - 
L - L ~  AREA t f? , .  I N V ,  I P C ,  JAREA) 
Parame-xzs; 
I P  - Index of t h e  plane whose area i s  be ing  determined 
I N V  - I n v e r s e  s w i t c h  a s s o c i a t e d  wi th  p l a n e  I P  
I P C  - Index of t h e  con tex t  p l a n e  ( i f  n o t  z e r o )  
JAREA - Variable which i s  s e t  t o  t h e  a r e a  
Execut ion:  
z e r o s  ( i f  INVZO)' i n  p l ane  IP. 
I f  IPC=O,  JAREA i s  s e t  t o  t h e  number of ones ( i f  I N V = O )  o r  
I f  IPC#O,  t h e  count ing  o p e r a t i o n  i s  r e s t r i c t e d  t o  p o i n t s  of  
p l a n e  I P  which correspond t o  p o i n t s  of p l ane  I P C  which a r e  one. 
BOOFUN 
Subrout ine  BOOFUN 
Purpose: 
To s e t  each p o i n t  of a p l a n e  t o  a Boolean f u n c t i o n  of t h e  neigh-  
b o r s  of t h e  cor responding  p o i n t  i n  a s p e c i f i e d  p l a n e .  
Usage: 
CALL BOOFUK ( I P O ,  I P I ,  IPC, FUX) 
Parameters :  
I P O  - Index of  o u t p u t  p l a n e  
I P I  - Index of  i n p u t  p l a n e  
I P C  - Index  of c o n t e x t  p l a n e  
FUN - Array c o n t a i n i n g  numeric and s p e c i a l  c h a r a c t e r s  which 
s p e c i f y  t h e  Boolean f u n c t i o n .  Va l id  s p e c i a l  c h a r a c t e r s  
are: BLANK / ( ) - , + * $ 
Boolean Funct ion:  
Elements of the  f u n c t i o n  a r e  of t h e  form (NX,NY) o r  / ( N X , N Y )  
where NX and NY a r e  s t r i n g s  of d i g i t s ,  p o s s i b l y  preceded by  a minus 
s i g n .  (NX,NY) r e p r e s e n t s  t h e  r e s u l t  of s h i f t i n g  p l a n e  I P I  w i th  t h e  
parameters  s p e c i f i e d  by NX and NY. /(NX,NY) i s  t h e  complement of  
( N X , N Y ) .  P roduc t s  ( l o g i c a l  and) of  e lements  a r e  r e p r e s e n t e d  by e l -  
ements s e p a r a t e d  by a s t e r i s k s  o r  merely by a s t r i n g  of e lements .  
( 0 , O )  * (1,l) */ (-1, -1) and ( 0 , O )  (1,l) /(-l, -1) are e q u i v a l e n t  p roduc t s .  
An e n t i r e  p r o d u c t  may be complemented b y  a f o l l o w i n g  s l a s h  a s  i n  
(0,l) * (-1, -1) /. F i n a l l y ,  p r o d u c t s  may be combined w i t h  t h e  l o g i c a l  
o r  o p e r a t i o n  by means of t h e  plus s i g n .  
Blanks a r e  ignored.  The l a s t  c h a r a c t e r  m u s t  be a d o l l a r  s i g n .  
Examples of Boolean Funct ions :  
/ ( l , o )  + / (2 ,0 )  + ( 3 , O )  + (4 ,O)  $ 











(-1, -1) + ( 0 ,  -l)+ (1, -1) $ 
8 
BOOFUN ( con t inued)  
Execut ion:  
P l a n e  I P O  i s  s e t  t o  the r e s u l t  of a p p l y i n g  the Boolean f u n c t i o n  
t o  p l a n e  I P I .  Then i f  IPC i s  n o t  0 ,  p l a n e  IPC i s  anded o n t o  p l a n e  
IPO. 
FUN may be a H o l l e r i t h  c o n s t a n t ,  an  a r ray  t h a t  has been  i n i t i a -  
l i z e d  by a H o l l e r i t h  f i e l d  i n  a d a t a  s t a t e m e n t  o r  a n  a r r a y  i n t o  













Subrou t ine  BORDER 
I u r p o s c :  
p l a n e  have t h e  va lue  1. 
T o  de te rmine  whether o r  n o t  any p o i n t s  on t h e  b o r d e r  of a 
Usage : 
CALL BORDER ( I P ,  J G T )  
Parameters :  
I P  - Index of p l ane  be ing  t e s t e d  
JGT - V a r i a b l e  s e t  by t h e  s u b r o u t i n e  
Execut ion:  
JGT i s  s e t  to 2 i f  plane IP h a s  a p o i n t  i n  i t s  f i r s t  row or 
column or l a s t  row o r  column wi th  v a l u e  1. Otherwise J G T  i s  se t  





















S u b r o u t i n e  CARDS 
Purpo sc  : 
To i n p u t  v a l u e s  from c a r d s  t o  a window of a s t a c k  
o f  p l anes .  
Usage: 
CALL CARDS (NPO, IW, IP.0) 
Parame tcrs: 
NFP 
IW - Window 
IPO - Array of p l a n e  i n d i c e s  
- Number 'of p l a n e s  i n  the s t a c k  ( n o t  more than  5) 
Execution: 
T h i s  s u b r o u t i n e  r e q u i r e s  d a t a  c a r d s  w i t h  c h a r a c t e r s  
C h a r a c t e r s  f o r  each row of  t h e  window must  b e g i n  
f o r  t h e  window of  t h e  s t a c k  of p l a n e s  punched on s u c c e s s i v e  
columns. 
i n  the f i rs t  c a r d  columnland, i f  n e c e s s a r y ,  c o n t i n u e  on  
s u c c e s s i v e  cards, The c a r d  c h a r a c t e r s  0 ,  1, ..., 9, A , B ,  ..., V cor respond t o  p i c t u r e  v a l u e s  0 ,  1, ,,., 31, , P i c t u r e  
v a l u e s  which exceed the c a p a c i t y  of the s t a c k  a r e  changed 
t o  ze ro .  Card c h a r a c t e r s  o t h e r  t han  t h o s e  mentioned w i l l  
produce a p i c t u r e  value of ze ro .  
If IPo i s  0 ( for  1=1 o r  2 o r  . . .or NPO) , then  p l a n e  
IP (I) i s  c l e a r e d  b e f o r e  t h e  c a r d s  a r e  i n p u t .  
C I R C L E  
Subrou t ine  CIRCLE 
Purpose: 
To set t h e  p o i n t s  on a c i rc le  t o  one. 
Usage : 
CALL CIRCLE ( I P ,  KX, KY, KRAD) 
Parameters: 
I P  - Plane index  
Kx - Column i n  which t h e  c e n t e r  l i e s  
KY - Row i n  which t h e  c e n t e r  l i es  
KRAD - Radius of the  c i r c l e  
Execut ion : 
p o i n t  t o  t h e  c e n t e r  of t h e  c i r c l e  i s  between KRAD-1/2 and KRAD + 
1/2. All o t h e r  p o i n t s  i n  t h e  p l a n e  are u n a l t e r e d .  The circle  
need n o t  l i e  e n t i r e l y  on t h e  p l ane .  
A p o i n t  i n  p lane  I P  i s  set t o  one i f  the d i s t a n c e  f r o m  t h e  








































S u b r o u t i n e  CLEAR, CLEARS 
P urpo se : 
To set  a l l  of the p o i n t s  of a p l a n e  o r  a stack OE 




CLEAR ( IPQ,  INV)  
CLEARS (IPO, I N V ,  NPO)*  
Parameters :  
I P O  - Array of p l a n e  i n d i c e s  
I N V  - I n v e r s e  switch 
NPO - Number of i n d i c e s  i n  I P  
Execut ion  : 
All p o i n t s  of p l a n e  IPQ(1)  a r e  set  t o  0 i f  I N V = O  o r  
t o  1 i f  I N V  # 0 f o r  I = I,..., N F O ,  
NPO' i s  assumed to  be one. 
For S u b r o u t i n e  CLEAR, 
COMPAN 
Subrou t ine  COMPAN 
Purpose : 
To perform an a n a l y s i s  of  the connected components i n  
a p l a n e .  
Usage: 
CALL COMPAN (LDL, I P ,  INV, JARRAY, J) 
Parameters :  
LDL 




- Address c o n s t a n t  p o i n t i n g  t o  I D L ,  a d i r e c t i o n  
- ’ Index o f  p l a n e  i n  wnich connec tedness  i s  b e i n g  
- I f  I N V  i s  z e r o ,  p l a n e  I P  w i l l  be ana lyzed ;  
l ist  which de termines  connectedhess  
ana lyzed  
otherwise the complement of p l a n e  I P  w i l l  be 
analyzed 
- I n t e g e r  a r r a y  to  r e c e i v e  the areas of the 
connected components. JARRAY must be dimensioned 
no  smaller than  the i n i t i a l  v a l u e  of J 
- Variable s e t  by the u s e r  t o  i n d i c a t e  the maximum 
number o f  components t o  r eco rd .  J i s  reset  by 
the s u b r o u t i n e  to  i n d i c a t e  the number of com- 
ponents  found 
Execut ion:  
The  a r e a s  of  t h e  f irst  J connected componenzs are p u t  i n  
JARRAY. The sea rch  f o r  connected components e n d s  when a l l  have  been 
found o r  when the  (J+l)-st component i s  found. On e x i t ,  J i s  





















Subrou t ine  CONNEC 
Purpose : 
To de te rmine  t h e  p o i n t s  i n  a p l a n e  which are connected 
( acco rd ing  t o  some d i r e c t i o n  l i s t )  t o  any one of a s p e c i f i e d  
s e t  o f  p o i n t s .  A l s o ,  t o  determine t h e  minimum number of  ca l l s  
t o  Subrout ine  MARK ( u s i n g  t h e  s a m e  d i r e c t i o n  l i s t )  needed t o  
expand t h e  s p e c i f i e d  s e t - t o  i n c l u d e  a l l  t h e  connected p o i n t s .  
U s a g e :  
CALL CONNEC (LDL, IPO, I P I ~ ,  1 ~ 1 2 ,  JCOUNT) 
Parameters :  
LDL - Address c o n s t a n t  p o i n t i n g  t o  a d i r e c t i o n  l i s t ,  
I P O  - Index of ou tpu t  p l a n e  
I P I l  - Index of p l ane  i n  which connec tedness  i s  be ing  
I P 1 2  - Index of  p lane  which s p e c i f i e s  a se t  o f  p o i n t s  
J C O U N T  - Var iab le  t o  be s e t  t o  t h e  number o f  c a l l s  t o  
I D L ,  which de termines  connec tedness  
ex a m  i n  ed 
s u b r o u t i n e  MARK needed t o  expand t h e  se t  o f  
p o i n t s  s p e c i f i e d  by p l a n e  I P 1 2  t o  i n c l u d e  a l l  
connected p o i n t s  
Execution: 
A s c r a t c h  p l a n e ,  I P S ,  i s  i n i t i a l l y  s e t  t o  t h e  l o g i c a l  and 
of p l a n e s  I P I l  and I P I 2 .  Then Subrou t ine  MARK i s  a p p l i e d  t o  
p l a n e  IPS w i t h  d i r e c t i o n  l i s t  I D L  and t h e  p l a n e  I P I l  i s  anded 
o n t o  t h e  r e s u l t .  This  p rocess  i s  r e p e a t e d  u n t i l  it adds no 
new 1's t o  p l a n e  IPS. Then p l a n e  IPS i s  copied  on p l a n e  I P O .  
JCOUNT i s  s e t  t o  t h e  number of c a l l s  t o  Subrou t ine  MARK which 
added 1's t o  t h e  o u t p u t  image. 
Th i s  Subrout ine  o p e r a t e s  more! e f f i c i e n t l y  i f  t h e  d i r e c -  
t i o n  l i s t  does n o t  con ta in  t h e  d i r e c t i o n  (0,O). 
I n t e g e r  Funct ion  C 
Purpose : 
To pack t w o  p o s i t i v e  i n t e g e r s  i n t o  a s i n g l e  i n t e g e r  
v a r i a b l e .  
Usage: 
INTEGER COORD 
K = COORD(1,  J )  
Parameters: 
I ,  J - P o s i t i v e  i n t e g e r s  w i t h  n o t  more t h a n  h a l f  t h e  
number of s i g n i f i c a n t  b i t s  i n  an i n t e g e r  v a r i a b l e  
Execut ion:  
I and J are packed i n t o  t h e  v a r i a b l e  K.  S u b r o u t i n e  UNCOOR 




















Subrou t ine  CPROP 
Purpose: 
a g iven  r a d i u s  c e n t e r e d  a t  each p o i n t  co r re spond ing  t o  eve ry  1 
on an i n p u t  p l ane .  
To g e n e r a t e  a p l a n e  which h a s  a c i r c u l a r  d i s k  of 1's ( 0 ' s )  w i t h  
( 0 )  
Usage : 
CALL CPROP ( I P O ,  I P I ,  I P C ,  KRAD) 
Parameters  : 
I P O  - Index of o u t p u t  p l ane  
I P I  - Index of i n p u t  p lane  
I P C  - Index of c o n t e x t  p l a n e  
KRAD - Radius of propagat ion  ( p o s i t i v e  o r  nega t ive )  
Execut ion:  
i f  i t  i s  less than  KRAD+% u n i t s  f r o m  a p o i n t  cor responding  t o  a 
p l a n e  I P I .  I f  KRAD i s  nega t ive ,  ~ q c n  p o i n t  i n  p l a n e  I P O  i s  set  t o  
0 i f  it i s  less than  IKRADI+$ u n i t s  from a p o i n t  cor responding  t o  
a 0 i n  p l a n e  I P I .  I f  I P C  i s  n o t  0 ,  t hen  p l a n e  I P O  may d i f f e r  
from p l a n e  I P I  on ly  on p o i n t s  co r re spond ing  t o  a 1 i n  p l a n e  I P C .  
t h e  same r o w  o r  column. 
I f  KRAD i s  n o t  n e g a t i v e ,  each  p o i n t  i n  P l ane  I P O  i s  set  t o  1 
1 i n  
A u n i t  i s  t h e  d i s t a n c e  between a d j a c e n t  p i c t u r e  e lements  on 
3ISK, WSGEK, RSZEK 
Purpose : 
To move b l o c k s  of p l a n e s  between i n t e r n a l  b u f f e r s  and external 
s t o r a g e .  
Usage : 
CALL WSEEK (NPB) 
*CALL RSEEK (NPB) 
CALL D I S K  (BUFFER) 
Parameters :  
NPB - Array of two words c o n t a i n i n g  p l a n e  number and b l o c k  
BUFFER - I n t e r n a l  a r r a y  which c o n t a i n s  o r  w i l l  r e c e i v e  t h e  
number 
b l o c k  t o  be moved 
Execu t ion :  
When WSEEK i s  c a l l e d  it p r e p a r e s  t h e  e x t e r n a l  s t o r a g e  d e v i c e  t o  
w r i t e  b l o c k  N P B ( 2 )  of p l a n e  N P B ( 1 ) .  RSEEK per forms a s i m i l a r  t a s k  
f o r  r ead ing .  
When D I S K  i s  c a l l e d  it moves t h e  block s t o r e d  i n  BUFFER t o  ex- 
t e r n a l  s t o r a g e  o r  moves a b l o c k  from e x t e r n a l  s t o r a g e  t o  BUFFER 
accord ing  t o  t h e  most r e c e n t  c a l l  t o  WSEEK or  RSEEK. 
words i n  a b lock  i s  de te rmined  by pa rame te r s  i n  l a b e l l e d  common. 








































Subrou t ine  D I S T  
Purpose: 
T o  s e t  t h e  v a l u e  of each p o i n t  i n  a s t ac l  of p l a n e s  t o  t h e  d i s -  
t a n c e  from t h e  p o i n t  t o  t h e  c l o s e s t  of a s p e c i f i e d  se t  of p o i n t s .  
D i s t a n c e  i s  determined by a n  a r r a y  of d i r e c t i o n  l i s t s .  
CALL DIST ( I P O ,  NPO, I P I ,  I N V I ,  LDL, NDL, iyW0 
Parameters :  
I P O  - Array of p l a n e  i n d i c e s  
NPO - Number of p l a n e s  i n  s t a c k  I P O  
I P I  - Index of p l a n e  which s p e c i f i e s  s e t  of p o i n t s  from which 
d i s t a n c e  i s  measured 
I N V I  - Determines whether d i s t a n c e  i s  measured from p o i n t s  i n  
p l a n e  I P I  wi th  value 1 ( I P I = O )  or 0 ( I P I f O )  
LDL - Array of a d d r e s s  c o n s t a n t s  p o i n t i n g  t o  d i r e c t i o n  l i s t s  
used t o  de te rmine  d i s t a n c e s  
NDL - N u m b e r  of addres s  c o n s t a n t s  i n  LDL 
MAX - Maximum d i s t a n c e  t o  appear  on s t a c k  I P O .  P o i n t s  w i t h  
d i s t a n c e  g r e a t e r  than MAX w i l l  have v a l u e  MAX 
Execut ion:  
S t a c k  I P O  i s  c l e a r e d  and t h e  complement of p l a n e  I P I  i s  added t o  
t h e  s t a c k .  Subrou t ine  MARK is a p p l i e d  t o  p l a n e  I P I  and t h e  complement 
of t h e  r e s u l t  i s  added t o  the s t a c k .  Subrou t ine  MHKK 1 s  a p p l i e d  re- 
p e a t e d l y  t o  t h e  r e s u l t  of the p r e v i o u s  c a l l  t o  MARK and t h e  comple- 
m e n t s  of t h e  r e s u l t s  a r e  added t o  t h e  s t a c k .  The NDL d i r e c t i o n  l i s t s  
p o i n t e d  t o  by e lements  of LDL a r e  used c y c l i c a l l y  i n  c a l l s  t o  MARK. 
The p r o c e s s  i s  t e rmina ted  when some p o i n t s  have achieved t h e  v a l u e  
MAX or when over f low from the s t a c k  would occur .  
Purpose:  
To f a c i l l t a t ?  an i n s t r u c t i o n  l o o p  u s i n g  s u c c e s s i v e  
s h i f t  parameters  from a d i r e c t i o n  l i s t .  
U s a g e :  
J I D = O  
GO TO (20 ,30 ) ,  JGT 
. ( I n s t r u c t i o n s  u s i n g  s h i f t  parameters JX and JY) 
GO TO 10 
1 0  CALL DLTOIR(LDL,JX,JY, J G T ,  J I D )  
20 . 
30 . 
Parameters :  
LDL 
JX - H o r i z o n t a l  s h i f t  parameter 
JY - V e r t i c a l  s h i f t  pa rame te r  
J G T  - Computed go to  pa rame te r  
J I D  - V a r i a b l e  se t  to  i n d i c a t e  w h i c h  p a i r  of s h i f t  
- Address c o n s t a n t  p o i n t i n g  to  a d i r e c t i o n  l i s t  IDL 
parameters  has been r e t u r n e d  
Execut ion:  
I D L ( 1 )  i s  the nuinber of p a i r s  o f  s h i f t  p a r a m e t e r s  w h i c h  
f o l l o w  i n  the a r r a y .  If J I D  i s  less t h a n  I D L ( 1 )  , J I D  i s  i n -  
creased by one,  J X  and JY are se t  t o  the J I D t h  p a i r  of s h i f t  
parameters, and J G T  i s  set  to  one.  
I D L ( l ) ,  J I D  i s  set t o  0 and J G T  i s  set  t o  2 .  









































Subrou t ine  EDGES 
Purpose : 
To f i n d  t h e  edges ,  d e f i n e d  by a d i r e c t i o n  l i s t ,  o f  a l l  
the objects  i n  a p lane .  
Usage: 
CALL EDGES( IPO,  IPI , LDL) 
Parameters  : 
I P O  - Index  of o u t p u t  p l a n e  
I P I  - Index of p l ane  c o n t a i n i n g  o b j e c t s  b e i n g  examined 
LDL - Address cons t an t  p o i n t i n g  t o  d i r e c t i o n  l i s t  I D L  
which d e f i n e s  edges  
Execution: 
Each p o i n t  of p l ane  I P O  i s  se t  to  1 i f  t h e  cor responding  
p o i n t  i n  p l a n e  I P I  has the v a l u e  1 and i s  an  IDL-neighbor of 
a p o i n t  w i t h  v a l u e  0. 
EQUAL , EQUALS 
S u b r o u t i n e  EQUAL, EQUALS 
Purpose: 
To se t  a p l ane  ( s t a c k  of p l a n e s )  equal  t o  another  
p lane  ( s t ack  of p l a n e s )  o r  i t s  i n v e r s e .  
Usage: 
CALL EQUAL(IP0, I P I ,  I N V )  
CALL EQUALS (IPO, I P I ,  I N V ,  NP) 
Parameters  : 
IPO - Array o f  i n d i c e s  of o u t 2 u t  p l anes  
I P I  - Array  of i n d i c e s  of  i n p u t  p l a n e s  
I N V  - I n v e r s e  swi t ch  associated w i t h  I P I  
NP - Nuxber of  i n d i c e s  I:: IPO and I P I  
E x e c u t i o n :  
I f  INW = 0 ,  p lane I P I ( 1 )  i s  copied i n  p i a n e  IPO(1)  
f o r  I = 1, ..., NP. I f  INV#O,  the i n v e r s e  of p lane  I P I ( 1 )  
i s  p u t  i n  p l a n e  IPO(1) .  For  s u b r o u t i n e  EQUAL, NP i s  assumed 
to  be 1. 
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S u b r o u t i n e  ZXCEAii 
Purpose: 
To exchange the p r i n t  c h a r a c t e r s  c u r r e n t l y  b e i n g  used  
b y  Subrou t ine  PRINT and the c h a r a c t e r s  stored w i t h i n  t h i s  
s u b r o u t i n e .  I n i t i a l l y ,  characters whose b l a c k n e s s  corres- 
ponds t o  the gray l e v e l s  they r e p r e s e n t  a r e  stored i n  t h i s  
s u b r o u t i n e .  
Usage: 
CALL EXCHAR 
Execut ion:  
The c o n t e n t s  o f  the arrays LT(32) ( i n  the labeled common 
block/LTX/) and  ALT(32) ( i n  t h i s  s u b r o u t i n e )  are  exchanged. 
See s u b r o u t i n e  P R I N T  f o r  a d i s c u s s i o n  of p r i n t  characters. 
EXTRM, E X T W P  
S u b r o u t i n e s  EXTFW, EXTRVS 
P u r p o s e  : 
To determine the extreme v a l u e s  (either i n r - i i m u m  o r  
m a x i m u m )  of a s t a c k  of p l a n e s .  
U s a g e :  
CALL EXTRM ( J V A L U E ,  LWNlYAX, I P ,  N P ,  I P C )  
CALL EXTRMP(JVALUE,  XINLMAX, i P ,  N P ,  I P C ,  I P O )  
P a r a m e t e r s  : 
JVALUE 
MINMAX 





InLegei- variable to be set to zinimum o r  
m a x i m u m  valae 
I n t e g e r  i n d i c a t i n g  w h e t h e r  the m i n i m u m  
(MINMAX=~) o r  maximum ( M I N M A X = ~ )  va lue  
w i l l  be found 
A r r a y  of i n d i c e s  of  p lanes  i n  the stack 
t o  be examined 
N u m b e r  of p lanes  i n  s tack I? 
Index of o u t p u t  p l ane  ( u s e d  by S u b r o u t i n e  
EXTRMP o n l y )  
s e t  t o  .;he rninimun o r  x a x i n u m  v a l ~ : e  apsear ing 
on  stack I P .  Subrout ine  EXTILclP sets each p o i n t  of plane I P O  
t o  1 i f  the corresponding p o i n t  on s tack I P  has the extreme 
va lue  JVALUE.  
FP 
Subrou t ine  FP 
Purpose: 
To f a c i l i t a t e  b i t - p l a n e  encoding. S p e c i f i c a l l y ,  t o  se t  succes-  
s i v e  b i t s ,  beg inn ing  w i t h  a s p e c i f i e d  b i t ,  t o  t h e  v a l u e s  of t h e  b i t s  
i n  a s p e c i f i e d  p o s i t i o n  i n  success ive  words of an a r r a y .  
Usage : 
CALL FP (LWORD, B I T ,  ARRAY, N,  POS) 
Parameters :  
LWORD - Address c o n s t a n t  p o i n t i n g  t o  t h e  word c o n t a i n i n 9  rhe 
B I T  - Number,  c o u n t i n g  f r o m  1 on t h e  l e f t ,  of t h e  f i r s t  
f i r s t  b i t  t h a t  w i l l  have i t s  v a l u e  s e t  
b i t  i n  t h e  word po in ted  t o  by LWORD t h a t  w i l l  have 
i t s  v a l u e  set  
ARRAY - Array of N words i n  which b i t s  w i l l  be examined. 
N - Number of  b i t s  . t o  be s e t  
POS - Word c o n t a i n i n g  a s i n g l e  1-bit which s p e c i f i e s  t h e  
b i t  t o  be examined i n  each word of t h e  a r r a y  
Execut ion:  
N c o n s e c u t i v e  b i t s  beginning  wi th  t h e  one s p e c i f i e d  by LWORD 
and B I T  a r e  se t  t o  t h e  v a l u e s  of t h e  b i t s  i n  t h e  p o s i t i o n  s p e c i -  
f i e d  by  POS i n  t h e  words ARRAY (1) , . . . , ARRAY (N) . 
S u b r o u t i n e  FRAME 
Purpose: 
To p u t  a frame o f  ones  on a p l a n e .  
Usage: 
CALL FRAME (IP , NSIZE) 
Parameters : 
I P  - Plane  indc:.. 
NSIZE - S i z e  of  fr2rr.e i n  p i c t u r e  e l emen t s  
Execut ion:  
Each p o i n t  on p l a n e  I P  which i s  n o t  more t h a n  N S I Z E  
e l emen t s  from t h e  edge o f  p l a n e  I P  i s  set  t o  one. Other 
p o i n t s  on the p lane  a r e  n o t  a l tered.  
GRID 
S u b r o u t i n e  G R I D  
Purpose: 
To g e n e r a t e  a squa re  g r i d  of a rb i t r a ry  s i z e  on  a p l ane .  
Usage: 
CALL G R I D  ( I P O ,  N S I Z E )  
Pa ra -me te r s :  
I P O  - P l a n e  index  
N S I Z E  - S i z e . o f  g r i d  
Execut ion:  
P l a n e  IPo i s  cleared, and each p o i n t  whose r o w  number 
o r  column number i s  a m u l t i p l e  of N S I Z E  is set  to  1. 
I N E T I A  
Subrou t ine  I N E T I A  
Purpose: 
of a window of a s t a c k  of p l a n e s .  Also t o  de te rmine  t h e  eccen- 
t r i c i t y  of t h e  e l l ipse whose major and minor axes  a r e  e q u a l  i n  
To de te rmine  t h e  c e n t r o i d  and p r i n c i p a l  a x i s  of t h e  c o n t e n t s  
, magnitude t o  t h e  maximum and minimum moments of  i n e r t i a .  
Usage: 
CALL I N E T I A  ( N P ,  I P ,  I W ,  J X ,  JY, RECC, RANGLE) 
I Parameters: 
I 
NP - Number of p l a n e s  i n  t h e  s t a c k  
I P  - I n d i c e s  of p l a n e s  i n  t h e  s t a c k  
I W  - Window be ing  examined 
JX, JY - Column and r o w  of c e n t r o i d  
RECC - E c c e n t r i c i t y  d e s c r i b e d  above 
RANGLE - Angle i n  r a d i a n s  (-IT S 0 I IT)  from a h o r i z o n t a l  line 
t o  the  p r i n c i p a l  a x i s  
Execut ion:  
and INROW. The above pa rame te r s  a r e  c a l c u l a t e d  u s i n g  w e l l  known 
formulas .  
Values  i n  t h e  window are r e t r i e v e d  a r o w  a t  a t i m e  u s i n g  I N P U T  


























Subrou t ines  I N P U T ,  INROW 
P urpo se : 
To p u t  v a l u e s  i n  s u c c e s s i v e  r o w s  of a window o f  a 
stack of p l a n e s .  
Usage: 
CALL I N P U T ( N F 0 ,  I W ,  IF0 , NARRAY, J G T )  
1 0  - . ( I n s t r u c t i o n s  to p u t  t h e  v a l u e s  f o r  o n e  r o w  of the . window i n t o  NARRAY) 
CALL INROW 
GO TO (10,201, J G T  
2 0  . 
Parameters  : 
NPO - Number of i n d i c e s  i n  IPO 
I W  - Window 
I P O  - A r r a y  of p l a n e  i n d i c e s  
NARRAY - I n t e g e r  a r r a y  l a r g e  enough t o  h o l d  v a l u e s  
J G T  - Computed go t o  parameter  set by t h e  s u b r o u t i n e  
fo r  one r o w  of the window 
Execut ion:  
I N P U T  and INROW a r e  e n t r i e s  t o  t h e  same s u b r o u t i n e .  When 
I N P U T  i s  c a l l e d ,  the subrou t ine  i s  i n i t i a l i z e d  and J G T  i s  s e t  I 
to  1. 'When INROW i s  c a l l e d ,  the v a l u e s  f o r  one  row of the 
window which the u s e r  has  p u t  i n  NARRAY a r e  p u t  i n  the stack 
of p l a n e s .  On the ca l l  t o  INROW for the l a s t  r o w  of the window, 
J G T  i s  set t o  2.  
If I F O ( I )  i s  0 ( f o r  I=l o r  2 o r  ... o r  K P O ) ,  p l a n e  1p0(1) 
i s  c l e a r e d .  
~~ 
INSERT 
Subrou t ine  INSERT 
Purpose: 
To p u t  an  object 
a s p e c i f i e d  va lue .  
Usage : 




I P  
NVALUE 
a b i n a r y  p l a n e  
NPS, I P ,  NVALUE) 
i n t o  a stack 
- Stack of p l a n e s  i n t o  which object w i l l  
- Number of p l a n e s  i n  I P S  
- Index of p lane  c o n t a i n i n g  object t o  be 
of 
be 
p lanes  w i t h  
i n s e r t e d  
i n s e r t e d  
- V a l u e  ob jec t  w i l l  have  when i n s e r t e d  i n t o  s t a c k  
Execut ion:  
Each p o i n t  of t he  s tack  IPS (1) , . . . , I P S  (NPS) t h a t  co r re sponds  t o  
a 1 i n  p l a n e  I P  i s  se t  t o  the v a l u e  s p e c i f i e d  by the NPS l o w  o r d e r  
b i t s  of NVALUE. Other p o i n t s  of the stack are n o t  a l t e r e d .  
XGB 
I n t e g e r  Funct ion  KGB 
Purpose: 
T o  se t  an i n t e g e r  v a r i a b l e  t o  the v a l u e  of a s p e c i f i e d  
b i t  fo l lowing  t h e  f i r s t  b i t  i n  a s p e c i f i e d  word. 
Usage: 




Address c o n s t a n t  (generated b y  In t ege r  Funct ion  
LOCI p o i n t i n g  to  a w o r d  
P o s i t i o n  of the b i t  desired coun t ing  f r o m  1ef.t 
t o  r i g h t  beg inn ing  a t  the f i r s t  b i t  i n  the word 
poin ted  t o  by LOCATN and c o n t i n u i n g  t o  s u c c e s s i v e  
words i f  necessa ry  
I B  i s  set t o  0 o r  1 accord ing  t o  the v a l u e  of the b i t  
s p e c i f i e d  by  LOCATN and N. 
I n t e g e r  Function KGC 
Pxpose  : 
TO determine a s p e c i f i e d  c h a r a c t e r  i n  a H o l l e r i t h  f i e l d .  
Usaye: 
KAR = KGC(KV, N) 
Parameters :  
KV - V a r i a b l e  c o n t a i n i n g  f i r s t  c h a r a c t e r s  i n  t h e  
H o l l e r i t h  f i e l d  
N - P o s i t i o n  .of t h e  c h a r a c t e r  d e s i r e d  coun t ing  
from l e f t  t o  r i g h t ,  beginning  a t  t h e  f i r s t  
c h a r a c t e r  i n  KV and c o n t i n u i n g  t o  s u c c e s s i v e  
words 
Execution: 
The b i t  c o n f i g u r a t i o n  f o r  t h e  H o l l e r i t h  ch- a r S C i ; S r  
s p e c i f i e d  by KV and N i s  p u t  i n  KAR, r i g h t  a d j u s t e d  w i t h  





















Subrou t ine  KPB 
Purpose : 
To set  a 
Usage: 
CALL W B  




s p e c i f i e d  b i t  t o  0 o r  1. 
( I ,  LOCATN, NBIT) 
I n t e g e r  which i s  0 i f  b i t  i s  to be se t  
t o  0 or n o t  0 i f  the b i t  i s  to  be set 
t o  1 
Address c o n s t a n t  ( g e n e r a t e d  by I n t e g e r  Funct ion  
LOC) p o i n t i n g  t o  a word b 
P o s i t i o n  of the b i t  t o  be se t ,  coun t ing  from 
l e f t  r i g h t  a t  f irst  b i t  i n  the w o r d  p o i n t e d  to 
by LOCATN and c o n t i n u i n g  t o  s u c c e s s i v e  w o r d s  
i f  necessary 
Execut ion  : 
The b i t  s p e c i f i e d  by LOCATN and N i s  set  t o  0 if 
1 = 0 o r t o  1 i f 1 # 0 .  
KPC 
Subrou t ine  KPC 
Purpose : 
To i n s e r t  a c h a r a c t e r  i n t o  a s p e c i f i e d  p o s i t i o n  i n  
a H o l l e r i t h  f i e l d .  
Usage: 
CALL KPC (KAR, KV, N) 




V a r i a b l e  c o n t a i n i n g  t h e  c h a r a c t e r  t o  be i n -  
s&ted ,  r i g h t  a d j u s t e d  
V a r i a b l e  c o n t a i n i n g  t h e  f i r s t  c h a r a c t e r s  i n  
t h e  H o l l e r i t h  f i e l d  
P o s i t i o n  i n t o  which t h e  c h a r a c t e r  i s  t o  be 
i n s e r t e d  coun t ing  from l e f t  t o  r i g h t ,  beg inn ing  
a t  t h e  f i rs t  c h a r a c t e r  i n  KV and c o n t i n u i n g  t o  
s u c c e s s i v e  words 
Execut ion:  
The H o l l e r i t h  c h a r a c t e r  i n  KAR i s  i n s e r t e d  i n t o  t h e  






















S ub r c) u ti in 2 
Purpose: 
LETTZR 
To read  c h a r a c t e r s  from a c a r d  
c h a r a c t e r s  by Su5rout ine  Pi?.INT. 
Usage: 
CALL LETTER 
Execut ion:  
f o r  use a s  p r i n t  
3 2  p a i r s  of p r i n t  c h a r a c t e r s  a r e  r ead  from 
w i t h  a 3 2 A 2  fonr,zt. See Subrou t ine  P R I N T  f o r  a 
of p r i n t  c h a r a c t e r s .  
a c a r d  
d i s c u s s i o n  
L I  STXY 
Subrou t ine  LISTXY 
Purpose:  
To determine t h e  p o i n t s  i n  a window of a p l a n e  which 
have t h e  v a l u e  1. 
Usage: 
CALL LISTXY(IP, I W ,  JARRAY, J )  
P a r  a m e  t er s : 
I P  - Index o f  p l a n e  be ing  examined 
I W  - Window 
JARRAY - Array whose e l e m e n t s  w i l l  be se t  t o  i n d i c a t e  t h e  
l o c a t i o n  o f  p o i n t s  w i t h  v a l u e  1. JARRAY must be 
dimensioned a t  no less than  t h e  v a l u e  of J when 
t h e  s u b r o u t i n e  i s  c a l l e d  
c a t e  t h e  maximum number o f  p o i n t s  t o  r eco rd  i n  
JARRAY and i s  se t  by t h e  s u b r o u t i n e  t o  i n d i c a t e  
t h e  number of  p o i n t s  a c t u a l l y  recorded  
J - I n t e g e r  v a r i a b l e  t h a t  i s  set  by t h e  u s e r  t o  i n d i -  
Execut ion : 
The v a l u e  of J i s  reco rded ,  and t h e n  J i s  se t  t o  0. Then 
s u c c e s s i v e  rows of window I W  a r e  examined from l e f t  t o  r i g h t ,  
beg inn ing  w i t h  t h e  t o p  row. When a p o i n t  w i th  v a l u e  1 i s  found, 
J i s  i n c r e a s e d  by 1. Then, i f  J does  n o t  exceed i t s  i n i t i a l  
v a l u e ,  t h e  column and row of t h e  p o i n t  are packed i n t o  JARRAY(J) 
by I n t e g e r  Funct ion COORD. I f  J exceeds i t s  i n i t i a l  v a l u e ,  
however, t h e  p o i n t  i s  n o t  recorded  and e x e c u t i o n  of t h e  subrou- 
t i n e  i s  te rmina ted .  The u s e r  may use  Subrou t ine  UNCOOR t o  
unpack t h e  r o w  and column of  each p o i n t .  
I n t e g e r  F ~ r i c  tic;? LOC 
Purpose: 
TO determine  the  mach,ne a d d r e s s  of il v a r i a b l e .  
E x s c u t i o n :  
L i s  s e t  t o  the address  of t h e  v a r i a b l e  M. This 
s u b r o u t i n e  i s  f r e q u e n t l y  used t o  s e t  a v a r i a b l e  t o  the 
l o c a t i o n  of  a d i r e c t i o n  l i s t .  
Subrou t i  n e  LOCA TI3 
Pilrpose: 
To s u p e r v i s e  the i n t e r n a l  s t o r a g e  o f  p l a n e s  and the 
movement of blocks o f  p l a n e s  between i n t e r n a l  and e x t e r n a l  
s to rage. 
Usage: 
CALL LOCATE ( N P ,  I P ,  I B ,  LOCATN) 
Parameters :  
N P  - Number o f  p l a n e  i n d i c e s  i n  array I P  
I P  - Array o f  p l a n e  i n d i c e s  
I B  - Block number 
LOCATN - Array w h i c h  w i l l  r e c e i v e  o r  already c o n t a i n s  
address c o n s t a n t s  
Labeled  common and i n t e r n a l  v a r i a b l e s :  
The a r r a y  PLANE i n  the  labeled common block /PIX/  con- 
t a i n s  a s t a t u s  word fo r  each p l a n e .  PLANE(1)  i s  z e r o  i f  the 
I- th  p l a n e  i s  n o t  i n  use  and i s  nonzero i f  i t  i s  i n  use .  
The l a b e l e d  common block /BUF/ c o n t a i n s  the b u f f e r s  which 
are  used  to store b l o c k s  of p l a n e s .  
An a c t i v i t y  queue of t h e  b u f f e r s  i s  ma in ta ined .  Tne 
v a r i a b l e  JOLD p o i n t s  t o  the head of the queue and JNEW p o i n t s  
t o  the t a i l .  I f  there a re  any  unused b u f f e r s  they are  a lways  
a t  the head  of the queue. JMT p o i n t s  t o  the l a s t  unused b u f f e r .  
A c t i v e  b u f f e r s  a r e  moved t o  the end o f  the queue.  
T h e  a r r a y  BLOCK (dimensioned a t  5 ,  NBUF) i n  the labeled 
common b l o c k  /BUX/ c o n t a i n s  5 c o n t r o l  words f o r  each b u f f e r  i n  
/BUF/. BLOCK(1, J) i s  the I-th c o n t r o l  w o r d  f o r  the J-th b u f f e r .  
The f u n c t i o n  o f  each c o n t r o l  w o r d  is: 
1. B u f f e r  s t a t u s .  A n e g a t i v e  v a l u e  means t h e  b u f f e r  i s  
unused. A z e r o  means the b u f f e r  c o n t a i n s  a block w h i c h  
may be moved to e x t e r n a l  s torage if n e c e s s a r y .  A 
p o s i t i v e  i n t e g e r  means the b u f f e r  c o n t a i n s  a block 
which i s  b e i n g  o p e r a t e d  o n  and  h e n c e  must remain i n  the 
b u f f e r .  The p o s i t i v e  i n t e g e r  i n d i c a t e s  the number o f  
s u b r o u t i n e s  tha t  are  o p e r a t i n g  o n  the block. 
2. 
3 .  
4. Number of t h e  b u f f e r  wnich f o l l o w s  on the 
P l a n e  number o f  the b l o c k  c u r r e n t l y  o r  m o s t  
r e c e n t l y  i n  t h e  b u f f e r .  
Block number o f  the b l o c k  c u r r e n t l y  o r  most 
r e c e n t l y  i n  t h e  b u f f e r .  
queue. Zero i n d i c a t e s  tha t  t h i s  b u f f e r  i s  
l a s t  on the  queue. 
5. Address c o n s t a n t  p o i n t i n g  to  the b e g i n n i n g  
of the b u f f e r .  
I n i t i a l i z a t i o n .  On the f i r s t  call t o  LOCATE o n l y ,  t h e  
b l o c k  da ta  i n i t i a l i z a t i o n  i s  tes ted and b u f f e r  c o n t r o l  words,  
p l a n e  s t a t u s  words and s e v e r a l  i n t e r n a l  v a r i a b l e s  a r e  i n i t i a -  
l i z e d .  
Selecting a nctc ~ l a ~ c .  if I3 i s  d v a i i d  block number, 
then  f o r  each i = 1, ..., K P  such tnat LOCATN(I)=O and I P I ( 1 )  
=0 ,  a n  unused p l a n e  i s  selected and IPiIj i s  s e t  t o  the ne- 
g a t i v e  o f  the p l a n e  number to  i n h i b i t  i n p u t .  T h e  a c t i o n  de- 
scribed i n  the n e x t  paragraph i s  then  t aken .  
Loca t inq  a b lock .  I f  I B  i s  a v a l i d  b l o c k  number, then  
f o r  each I = I, .. , NP such t h a t  L O C A T N ( I ) = O ,  the b u f f e r s  a re  
searched fo r  block I B  of p l a n e  I I P ( 1 )  1 .  
the b l o c k ,  a b u f f e r  m u s t  be a s s i g n e d  to  the b lock .  I f  there 
a re  no unused b u f f e r s ,  the b u f f e r  n e a r e s t  the head (JOLD)  o f  
t h e  queue w i t h  a s t a t u s  w o r d  of 0 i s  made a v a i l a b l e  by moving 
i t s  c o n t e n t s  to  external storage v i a  S u b r o u t i n e  DISK.  If 
I P ( I ) > O ,  block I B  of p l a n e  I P ( 1 )  i s  moved f r o m  e x t e r n a l  storage 
t o  the a v a i l a b l e  b u f f e r .  I f  I P ( I ) < O ,  movement i s  i n h i b i t e d .  
S u b r o u t i n e s  w h i c h  are  go ing  t o  a s s i g n  new v a l u e s  to  e v e r y  p o i n t  
i n  a block would c a l l  LOCATE w i t h  n e g a t i v e  p l a n e  numbers t o  in -  
h i b i t  unnecessa ry  movement. F i n a l l y ,  the b u f f e r  which c o n t a i n s  
the b l o c k  o r  has b e e n  a s s i g n e d  to  the block is  moved t o  the 
end (JNEW) of the queue, i t s  s t a t u s  w o r d  i s  i n c r e a s e d  by  1 o r  
s e t  t o  1, whichever  is larger,  and LOCATN(1) i s  set to  the 
address of the b u f f e r .  
I f  no b u f f e r  c o n t a i n s  
Re leas inq  a b lock .  I f  I B  i s  a v a l i d  block number, then  
fo r  each I = 1,. .. , NP such that  LoCATN(I)#O, the s t a t u s  w o r d  
o f  the b u f f e r  c o n t a i n i n g  block I B  of p l a n e  I I P ( 1 )  1 i s  reduced  
by 1 and LOCATN(1) is set to  0. This a c t i o n  is r e q u e s t e d  by 
a s u b r o u t i n e  t ha t  has p r e v i o u s l y  located a block and i s  now 
f i n i s h e d  o p e r a t i n g  on it .  
LOCATE ( con t inuec  i 
Releas ing  a p l a n e .  If  I B  = 0 ,  t h e n  I = 1, . . . , NP, such 
tha t  I P ( I ) # O ,  p l a n e  I I P ( 1 )  I i s  r e t u r n e d  t o  unused s t a t u s ,  
b u f f e r s  c o n t a i n i n g  b l o c k s  of p l a n e  ] I P ( I )  I a r e  r e t u r n e d  to  
unused s t a t u s ,  and I P ( 1 )  i s  s e t  to  0.  'CALL LOCATE ( N P ,  I P ,  
0, LOCATN) I is e q u i v a l e n t  t o  'CALL RELEAS ( N P ,  I P )  ' .  
Simpl i f ied  LOCATE: 
There i s  a s i m p l i f i e d  v e r s i o n  of  t h i s  s u b r o u t i n e  :which 
may be used when e x t e r n a l  s t o r a g e  o f  p l a n e s  i s  n o t  implemented. 
I t  r e q u i r e s  t h a t  there be oiily one  b l o c k  p e r  p l a n e  and tha t  
the number of  p l a n e s  e q u a l  t h e  number of  b u f f e r s .  Using the 
s impl i f ied  v e r s i o n  w i l l  s ave  s t o r a g e  space  and e x e c u t i o n  t i m e .  
Er ror  Messages: 
When c e r t a i n  errors a re  encoun te red ,  this s u b r o u t i n e  w i l l  
p r i n t  a n  e r r o r  message, c a l l  S u b r o u t i n e  SNAP and s t o p  execu t ion .  
The e r r o r  message i s  'LOCATE ERROR N '  w h e r e  the v a l u e s  of  N 
and their  meanings are: 
1. I B  has a n  i l l e g a l  v a l u e .  
2 .  
3 .  A n  unused p l a n e  h a s  been  r e q u e s t e d  when a l l  p l a n e s  
4. A b u f f e r  i s  needed b u t  a l l  b u f f e r s  h a v e  p o s i t i v e  
5. The b l o c k  d a t a  program has n o t  been  loaded .  
6. There has been  a r e q u e s t  f o r  a block of a p l a n e  
7 .  The s i m p l i f i e d  v e r s i o n  o f  S u b r o u t i n e  LOCATE has been  
IIP(1) 1 exceeds  the number of p l a n e s  f o r  some I .  
are i n  use.  
s t a t u s  words . 
which i s  n o t  i n  use .  
loaded when the s t a n d a r d  v e r s i o n  i s  needed. 
Purpose: 
To s h i f t  an i n p u t  piane i n  each d i r e c t i o n  o f  a d i r e c t i o n  
l i s t  and combine t h e  r e s u l t s  w i t h  l o g i c a l  ors on an o u t p u t  
p l a n e  . 
Usage: 
CALL MARK(LDL, I P O ,  I P I ,  I P C )  
Parameters :  
LDL - Address cons t an t  p o i n t i n g  t o  a d i r e c t i o n  l i s t  IDL 
I P O  - Output p l ane  index  
I P I  - I n p u t  p l a n e  index 
I P C  - Context  plane index  
Execut ion : 
The i n p u t  p l a n e  i s  s h i f t e d  acco rd ing  t o  each d i r e c t i o n  i n  
d i r e c t i o n  l i s t  I D L .  The r e s u l t s  a r e  combined on an i n i t i a l l y  
c l e a r  s c r a t c h  p l a n e  w i t h  l o g i c a l  o r s .  
se t  e q u a l  t o  t h e  s c r a t c h  p l ane .  
l o g i c a l  and of  p l ane  IPC and t h e  s c r a t c h  p l a n e .  
I f  I P C  = 0 ,  p l a n e  I P O  is 
If IPC#O,  p l a n e  I P O  i s  t h e  
MAXIMA, MINIMA 
Subrou t ines  MAXIMA, M I N I M A  
Purpose : 
To determine t h e  p o i n t s  i n  a s t a c k  of p l a n e s  which are 
maxima o r  minima wi th  r e s p e c t  t o  a s p e c i f i e d  set  o f  ne ighbors .  
Usage: 
CALL MAXIMA(LDL, I P O ,  I P I ,  N P I )  
CALL M I N I M A ( L D L ,  IPO,  I P I ,  N P I )  
Parameters :  
LDL - Address c o n s t a n t  p o i n t i n g  t o  d i r e c t i o n  l i s t  I D L  
I P O  - Index of t h e  o u t p u t  p l a n e  
I P I  - Array of i n d i c e s  of  input, stack 
N P I  - Number of p l a n e s  i n  t h e  i n p u t  s t a c k  
Execut ion:  
Subrout ine  MAXIMA ( M I N I M A )  s e t s  each p o i n t  of  p l a n e  I P O  
t o  1 i f  t h e  cor responding  p o i n t  i n  t h e  s t a c k  I P I  (l), . . . , I P I  ( N P I )  
i s  n o t  l e s s  than (not g r e a t e r  t h a n )  any of i t s  IDL-neighbors. 























Subrou t ine  NEIGHB 
Purpose: 
To l i s t  t h e  v a l u e s  of t h e  ne ighbors  of a g iven  p o i n t  i n  
a s t a c k  of p l a n e s .  
Usage : 
CALL N E I G H B ( I P ,  NP, KX, KY, I D L ,  JARRAY) 
Parameters :  
I P  
NP - Number of p l anes  i n  s t a c k  I P  
Kx - Column of t h e  p o i n t  
KY - Row of t h e  p o i n t  . 
I DL - D i r e c t i o n  l i s t  which defines nelqhbors 
JARRAY - I n t e g e r  a r r a y  t o  r e c e i v e  v a l u e s  of t h e  ne ighbors  
- A r r a y  of i n d i c e s  of t h e  p l a n e s  i n  t h e  s t a c k  
of t h e  p o i n t  
Execut ion:  
READZ i s  c a l l e d  I D L ( 1 )  t i m e s  t o  p u t  t h e  v a l u e s  of t h e  
IDL-neighbors of t h e  p o i n t  i n  column KX, r o w  KY of t h e  s t a c k  
of p l a n e s  I P  (l), . . . , I P  ( N P )  i n  JARRAY. 
I NULL 
Subrout ine  NULL 
Purpose: 
zero .  
To determine whether  o r  n o t  all the  p o i n t s  on a p l a n e  are 
Usage: 
CALL NLL (IP, JGT) 
Parameters: 
I P  - Plane index  
J G T  - Parameter s e t  t o  i n d i c a t e  r e s u l t  of t es t  
Execution : 
wise, J G T  is  set  t o  2. 




~~~ ~ ~ 
OUTPUT, OUTROW 
Subrou t ine  OUTPUT, OUTROW 
Purpose: 
To move t h e  va lues  from s u c c e s s i v e  r o w s  o f  a window 




CALL OUTPUT (NP,  IW, IP , JARRAY, JGT) 
. ( I n s t r u c t i o n s  t o  p r o c e s s  v a l u e s  fo r  one row of t h e  
. window w n i c h  have beer1 put  iii% &%??AY) 
CALL OUTROW 
GO TO ( 1 0 , 2 0 ) , J G T  
. 
Parameters :  
NP 
I W  - 
I P  - 
JARRY - 
J G T  - 
Execut ion  : 
Number of i n d i c e s  i n  I P  
Window 
Array of p l a n e  i n d i c e s  
I n t e g e r  a r r a y  large enough to hold v a l u e s  f o r  one 
r o w  of the window 
Computed go t o  parameter  set by the s u b r o u t i n e  
OUTPUT and OUTROW are e n t r i e s  t o  the same s u b r o u t i n e .  
When OUTPUT i s  cal led,  the s u b r o u t i n e  is i n i t i a l i z e d ,  J G T  i s  s e t  
t o  1, and t h e  v a l u e s  from the  f irst  r o w  o f  the window are moved to 
JARRAY. When OUTROW is called the v a l u e s  f o r  the n e x t  r o w ,  i f  there 
i s  a n o t h e r  r o w ,  a r e  moved to JARRAY, I f  there i s  n o t  a n o t h e r  r o w  i n  
the window when OUTROW is c a l l e d ,  J G T  is  set to  2, 
PF 
Subrou t ine  PF 
Purpose : 
To f a c i l i t a t e  b i t - p l a n e  decoding. Specificaliy, t o  set b i t s  i n  
a s p e c i f i e d  p o s i t i o n  i n  s u c c e s s i v e  words of an a r r a y  t o  t h e  v a l u e s  
of s u c c e s s i v e  b i t s ,  beginning  wi th  a s p e c i f i e d  b i t .  
Usage : 
CALL PF (LWORD, BIT ,  ARRAY, N,  POS) 
Parameters :  
LWORD - Address c o n s t a n t  p o i n t i n g  t o  t h e  word c o n t a i n i n g  t h e  
B I T  - Number, coun t ing  from 1 on t h e  l e f t ,  of t h e  f i r s t  
f i r s t  b i t  t o  be examined 
b i t  i n  t h e  word p o i n t e d  t o  by LWORD t h a t  w i l l  be exam- 
i n e d  
ARRAY - Array of N words i n  which b i t s  w i l l  be s e t  
N - Number of  b i t s  t o  be se t  
POS - Word c o n t a i n i n g  a s i n g l e  1-bit  which s p e c i f i e s  t h e  
b i t  t o  be set i n  each word of t h e  a r r a y  
Execut ion:  
The b i t s  i n  the  p o s i t i o n  s p e c i f i e d  by POS i n  t h e  words A R R A Y ( l ) ,  
..., ARRAY(N) are set  t o  t h e  v a l u e s  of t h e  N c o n s e c u t i v e  b i t s  be- 
g inn ing  w i t h  t h e  one s p e c i f i e d  by LWORD and B I T .  I t  i s  assumed t h a t  
when FP i s  c a l l e d  t h e  b i t s  i n  t h e  p o s i t i o n  s p e c i f i e d  by  POS i n  t h e  
words ARRAY (1) , . . . , ARRAY ( N )  have t h e  v a l u e  0. Thus a c t i o n  i s  re- 
q u i r e d  o n l y  i f  a b i t  is  t o  be set t o  1. 
I n t e g e r  Func t ion  POINT 
Purpose: 
To set  an i n t e g e r  v a r i a b l e  t o  a s p e c i f i e d  e lement  i n  an array 
l o c a t e d  by an a d d r e s s  c o n s t a n t .  
Usage: 
INTEGER POINT 
I = POINT (LOCATN, N) 
Parameters :  
LOCATN - Address  c o n s t a n t  ( g e n e r a t e d  by I n t e g e r  Func t ion  LOC) 
p o i n t i n g  t o  the f i r s t  e l emen t  of an  array 
N - P o s i t i v e  i n t e g e r  s p e c i f y i n g  an  e l emen t  of the array 
Execut ion:  
I is set  t o  the v a l u e  of the N t h  e l emen t  of the array p o i n t e d  
t o  by  LOCATN. 
P R I N T ,  SPRINT 
). , 
I 
Subroutines P R I N T ,  S P R I N T  
Purpose: 
To p r i n t  a window of a d ig i t i zed  p ic ture .  
Usage: 
CALL PRINT(NP,IW,IP) 
CALL SPRINT ( N P  , I W ,  I P  , N S P )  
Parameters: 
NP - Number (not  g rea t e r  than 5) of planes which contain 
I W  - Window of the p i c tu re  to  be pr in ted  
I P  - Array of ind ices  of the planes which contain the 
NSP - Number of blank spaces.  to appear t o  the  l e f t  of 
the p i c tu re  
p ic ture  
the pr in ted  image of the  window 
Execution: 
I P ( N P )  i s  displayed on the l i n e  p r i n t e r  a s  a rectangular  a r r ay  
of p r i n t  characters.  
on the page, bu t  the a l t e r n a t e  entry,  SPRINT,  allows the programmer 
to  specify horizontal  spacing, 
spacing. 
t h i s  subroutine i s  ca l led .  Windows which extend beyond the p i c tu re  
a r e  truncated. 
The window of the d ig i t i zed  p i c tu re  s tored i n  I P ( l ) ,  ..., 
The window i s  normally centered hor izonta l ly  
This routine performs no v e r t i c a l  
P r i n t i n g  begins  wherever the p r i n t e r  i s  posit ioned when 
The p r i n t  charac te rs  which correspond to  the d i g i t i z e d  
Each word contains two charac te rs  l e f t  adjusted.  
values 0 t o  31 a re  s tored i n  a 32-word block of l abe l l ed  common 
( /LTX/LT(32)) .  
When the p r i n t  routine i s  se l ec t ing  a p r i n t  character  f o r  the  
d i g i t a l  value I (I=O, .. . ,31) , the two characters  i n  L T ( I + l )  a r e  ex- 
amined. I f  the second character  i s  blank, the f i r s t  character  i s  
used to  represent I. If the second character  i s  a prime ( I ) ,  the  
f i rs t  character  w i l l  be used t o  represent I i n  odd columns, and a 
blank w i l l  be  used t o  represent I i n  even columns. 
cases ,  I w i l l  be represented by the f i r s t  charac te r  overstruck with 
the second character.  
I n  a l l  other  
The standard characters  used to represent 0 t o  31  are  
BLANK, 1,2, ..., 9,A,B, .. .V. 
information on changing the p r i n t  characters .  
See subroutine LETTER and EXCHAR f o r  
PROP 
Subrou t ine  PROP 
Purpose: 
To c a l l  Subrout ine  MARK a g iven  number of t i m e s  w i . t h  
a g i v e n  set  of d i r e c t i o n  l i s ts  
Usage: 
CALL PROP(LDL,NDL,IPO,IPI,IPC,NPROPS) 
Parameters :  
LDL - Array  of  address cons t an t s  p o i n t i n g  to  dk rec t ion  
NDL - Number of  d i r ec t ion  lists p o i n t e d  to  by LDL 
IPO - Output p l a n e  index 
I P I  - I n p u t  p l a n e  i n d e x  
IPC - Context  p l a n e  index  
NPRoPS - Number of t i m e s  that M-AM i s  called 
l i s t s  IDL 
Execut ion:  
P l a n e  I P I  i s  copied on p l a n e  IPO. Then IPO i s  used a s  
the i n p u t  p l a n e  for  NPROPS ca l l s  t o  MARK u s i n g  the d i r e c t i o n  l i s t s  
p o i n t e d  t o  by L D L ( l ) ,  ..., LDL(NDL),LDL(l),,.. 
c a l l  t o  MARK i s  ored o n t o  plane IPO before the nex t  c a l l  t o  MARK. 
P l a n e  IPC i s  used a s  the c o n t e x t  plane i n  the c a l l s  t o  MARK. 
The o u t p u t  from each 
PUNCH 
Subrou t ine  PUNCH 
Purpose : 
T o  o u t p u t  va lues  from a window of a s t a c k  o f ' p l a n e s  t o  c a r d s .  
Usage: 
CALL PUNCH ( N P ,  I W ,  IP) 
Parameters :  
N P  - Number of planes i n  s t a c k  I P  ( n o t  more than  5) 
I W  - Window 
I P  - Array of p l a n e  i n d i c e s  
Execut ion:  
One c a r d  i s  punched w i t h  I W ( 1 ) .  . . IW(4) and N P  i n  515 format 
fol lowed by t h e  word ' P U N C H ' .  Then c h a r a c t e r s  cor responding  t o  
v a l u e s  f o r  each r o w  a r e  punched w i t h  an 80A1 format .  Card charac-  
ters BLANK, 1, 2 ,  ..., 9, A, B ,  ..., V cor respond t o  v a l u e s  0 ,  1, 








































R e a l  Funct ion  RANDNO 
Purpose: 
To p rov ide  a sequence of pseudo-random rea l  numbers 
between 0 and 1. 
Usage: 
X = RANDNO(NR) 
Parameters: 
X - Real v a r i a b l e  t h a t  the  s u b r o u t i n e  w i l l  set  t o  a 
NR - I n t e g e r  v a r i a b l e  t h a t  w i l l  be a l te red  by RANDNO 
number be tween 0 and 1 
Execut ion:  
RANDNO g e n e r a t e s  a p e r i o d i c  sequence of r e a l  numbers 
between 0 and 1. The per iod ,  however, i s  s u f f i c i e n t l y  l a r g e  
t o  make t h e  numbers seem random. NR i s  used t o  s tore  a p o s i -  
t i v e  i n t e g e r  which i n d i c a t e s  which e lement  i n  t h e  sequence 
w a s  l a s t  r e t u r n e d .  When RANDNO i s  c a l l e d ,  it examines NR. 
I f  NR i s  a p o s i t i v e  i n t e g e r ,  the  n e x t  'element of t he  sequence 
i s  g e n e r a t e d  and s t o r e d  i n  X,  and NR i s  modif ied.  I f  NR i s  
n o t  p o s i t i v e ,  NR i s  se t  t o  a p o s i t i v e  i n t e g e r  o b t a i n e d  by mak- 
i n g  a hash  t o t a l  of some a c t i v e  s e c t i o n  of c o r e  and t h e n  
e x e c u t i o n  proceeds  a s  before .  
The  u s e r  may f o r c e  t h e  s t a r t i n g  p o i n t  i n  t he  sequence by 
s e t t i n g  NR t o  a p o s i t i v e  i n t e g e r  before c a l l i n g  RANDNO the 
f i r s t  t i m e .  
RkNPiC 
Subrou t ine  R A N P I C  
Purpose : 
To add n o i s e  ( 0 ' s  o r  1's) to a w i n d o w  of a p l ane  w i t h  a 
g i v e n  probabi l i ty .  
U s a g e :  
CALL RANPIC ( I P O ,  I W ,  PROB, NVALUE, NR) 
Parameters: 
I P O  - P l a n e  index 
I W  - Window 
PROB - P r o b a b i l i t y  w i t h  which noise  i s  to  be generated 
NVALUE - Value of n o i s e  (0 or  1) 
NR - In t ege r  variable used by I n t e g e r  Func t ion  RANDNO 
E x e c u t i o n :  
I f  I P O = O ,  p l a n e  I P O  i s  cleared, Then p o i n t s  i n  window I W  of 
p l a n e  I P O  a re  set to  0 ( i f  NVALUE=O) o r  1 ( i f  NVALUEfO) w i t h  pro- 














S u b r o u t i n e  READZ 
Purpose: 




JVALUE - Variable w h i c h  w i l l  be set  to  the v a l u e  of 
Kx - Column of  t he  p o i n t  
KY - Row of the p o i n t  
NP - Number o f  . i n d i c e s  i n  I P  
I P  - Array  of p l a n e  i n d i c e s  
the p o i n t  
Executior?: 
JVXLUE i s  set  to t h e  va lue  of the p o i n t  i n  column Kx, 
r o w  KY of the stack of p l a n e s  IP(1), . . ., IP(NP) . 
RELEAS 
Subrout ine  RELEAS 
Purpose: 
To r e t u r n  a p l ane  c u r r e n t l y  b e i n g u s e d  to  unused s t a t u s .  
U s a g e  : 
CALL RELEAS (NP,  I p )  
Parameters: 
NP - Number of p l a n e s  t o  be released 
I P  - Array of i n d i c e s  of p l a n e s  t o  be r e l e a s e d  
Execut ion : 
Planes  I P  (l), . . . , I P  ( N P )  are r e l e a s e d  and the i n d i c e s  
I P ( l ) , . . . ,  I P ( N P )  are s e t  t o  zero .  




















Subrou t ine  RPROP 
Purpose: 
and wid th  f o r  each 1 on an i n p u t  p l ane .  Each 1 on t h e  i n p u t  
p l a n e  w i l l  cor respond t o  a corner  of a r e c t a n g l e  on t h e  o u t p u t  p l a n e ,  
The s i d e s  of t h e  r e c t a n g l e s  a r e  p a r a l l e l  t o  t h e  edges of t h e  p l ane .  
To g e n e r a t e  a p l a n e  which has a r e c t a n g l e  of 1's of  g iven  l e n g t h  
Usage : 
CALL RPROP ( I P O ,  I P I ,  IPC, NX, NY) 
Parameters :  
I P O  - Index of ou tput  p l ane  
I P I  - Index of i npu t  p l a n e  
I P C  - Index of con tex t  p l a n e  
NX, NY - S h i f t  parameters  which de te rmine  t h e  s i z e  and o r i e n t a -  
t i o n  of the  r e c t a n g l e s  
Execut ion:  
Each p o i n t  i n  p l a n e  I P O  i s  set  t o  1 i f  i t s  column number is 
from KX t o  KX+NX and i t s  row number i s  from KY-NY t o  KY where KX 
and KY are the column and r o w  of any p o i n t  i n  p l a n e  I P I  w i t h  v a l u e  1. 
on p o i n t s  co r re spond ing  t o  a 1 i n  p l a n e  IPC, 
I f  I P C  i s  n o t  0 ,  then  p l ane  I P O  may d i f f e r  from p l a n e  I P I  o n l y  
~ 
SETOP, OP 
S u b r o u t i n e s  SETOP,  OP 
Purpose : 
T o  perform t h e  word and b i t  manipu,ation necessa ry  f o r  l o g i c a  
o r  b i t  coun t ing  o p e r a t i o n s  on p l a n e s .  
Usage : 
CALL SETOP (OPCODE, LENGTH) 
CALL OP (LOCATN) 
Parameters :  
LOCATN - Array of 1, 2 ,  o r  3 a d d r e s s  c o n s t a n t s  p o i n t i n g  t o  
OPCODE - I n t e g e r  whose v a l u e s  and meanings are: 
a r r a y s  d e s i g n a t e d  ARRAY1, ARRAY2, and ARRAY3 
0 - Perform a n u l l  t e s t  on ARRAYl 
1 - S e t  a l l  b i t s  i n  ARRAYl t o  0 
2 - S e t  a l l  b i t s  i n  ARRAYl t o  1 
3 - Copy ARRAY2 i n t o  ARRAY1 
4 - Copy the complement of ARRAY2 i n t o  ARRAYl 
5 - S e t  ARRAYl t o  t h e  l o g i c a l  and of ARRAY2 and ARRAY3 
6 - S e t  ARRAY1 t o  the l o g i c a l  and of ARRAY2 and t h e  
7 - S e t  ARRAYl t o  t h e  l o g i c a l  or of ARRAY2 and ARRAY3 
8 - S e t  ARRAYl t o  t h e  l o g i c a l  or of A R R A Y 2 ' a n d  t h e  
9 - S e t  ARRAY1 t o  the  l o g i c a l  e x c l u s i v e  o r  of ARRAY2 
10 - S e t  ARRAYl t o  t h e  l o g i c a l  e x c l u s i v e  or of ARRAY2 
11 - Count t he  number of l -bits  i n  ARRAYl 
1 2  - Count the  number of O - b i t s  i n  ARRAY2 
complement of ARRAY 3 
complement of ARRAY3 
and ARRAY3 
and the complement of ARRAY3 
LENGTH - Length i n  mach ine . addres ses  of a r r a y s  p o i n t e d  t o  by 
LOCATN 
Execut ion:  
SETOP i s  an i n i t i a l i z a t i o n  e n t r y  t o  t h e  s u b r o u t i n e .  When O P  is 
c a l l e d  t h e  o p e r a t i o n  s p e c i f i e d  i n  t h e  l a s t  call t o  SETOP i s  pe r -  
formed on t h e  a r r a y s  p o i n t e d  t o  by LOCATN. 
r a y s  are a l s o  determined .by t h e  p r e v i o u s  c a l l  t o  SETOP. 
need n o t  be d i s t i n c t .  
The l e n g t h s  of t h e  a r -  
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SETOP (con t inued)  
T h e  n u l l  t e s t  ( O P  = 0)  and area o p e r a t i o n s  are f u n c t i o n s .  F o r  
the n u l l  t es t  a v a l u e  of  0 i s  r e t u r n e d  i f  all b i t s  i n  ARRAY1 are 
0;  o t h e r w i s e ,  a 1 i s  re tu rned .  F o r  the area o p e r a t i o n s  the num- 
ber of 1-bits o r  0 - b i t s  i s  re tu rned .  
SETSH, SH 
- -  
n 
I 
Subroutines SETSH, SH 
Purpose: 
To perform t h e  word and b i t  manipula t ion  n e c e s s a r y  idr s h i f t i n g  
t h e  b i t s  i n  consecu t ive  words t o  t h e  r i g h t  o r  l e f t .  
Usage : 
CALL SETSH (COUNT, LENGTH) 
CALL SH (LOCIN,  LOCOUT) 
Parameters :  
COUNT - I n t e g e r  s p e c i f y i n g  number of p o s i t i o n s  each b i t  i s  t o  
be s h i f t e d .  P o s i t i v e  v a l u e s  a r e  f o r  r i g h t  s h i f t s ,  
nega t ive  v a l u e s  a r e  f o r  l e f t  
LENGTH - Length i n  machine a d d r e s s e s  of i n p u t  and o u t p u t  a r r a y s  
L O C I N  - Address c o n s t a n t  p o i n t i n g  t o  i n p u t  a r r a y  
LOCOUT - Address c o n s t a n t  p o i n t i n g  t o  o u t p u t  a r r a y  
Execut ion:  
SETSH i s  an i n i t i a l i z a t i o n  e n t r y  t o  t h e  s u b r o u t i n e .  When SH i s  
c a l l e d ,  t h e  o u t p u t  a r r a y  i s  s e t  t o  t h e  r e s u l t  of s h i f t i n g  t h e  i n p u t  
a r r a y  acco rd ing  t o  the  count  s p e c i f i e d  on t h e  p r e v i o u s  c a l l  t o  
SETSH. B i t s  s h i f t e d  beyond t h e  o u t p u t  a r r a y  a r e  l o s t .  Zeros a r e  
p u t  i n  each b i t  p o s i t i o n  of t h e  o u t p u t  a r r a y  which r e c e i v e d  no b i t  
from t h e  i n p u t  a r r a y .  The i n p u t  a r r a y  i s  n o t  a l t e r e d .  The i n p u t  
and o u t p u t  a r r a y s  must be d i s t i n c t .  




















S u b r o u t i n e s  SHIFT, SHIFTS 
Purpose:  
To s h i f t  a p lane  (stack of p lanes)  onto i t s e l f  o r  o n t o  
a n o t h e r  p l a n e  ( s t a c k  of p l a n e s ) .  
Usage: 
CALL SHIFT (IPO, I P I ,  NX, NY) 
CALL SHIFTS ( I P O ,  I P I ,  NX, NY, NP) 
Parameters :  
IPO - Array of i n d i c e s  of o u t p u t  p l a n e s  
I P I  - Array o f  i n d i c e s  of l n p u t  p l a n e s  
NX - H o r i z o n t a l  s h i f t  parameter 
NY - V e r t i c a l  s h i f t  parameter 
NP - Number of ind ices  i n  IPO and I P I  
Execut ion:  
P l a n e  IPO(1) i s  s e t  t o  the r e s u l t  of s h i f t i n g  p l a n e  I P I ( 1 )  
NX e lemen t s  h o r i z o n t a l l y  ( r i g h t  i s  pos i t i ve )  and NY e l e m e n t s  
v e r t i c a l l y  (up  i s  p o s i t i v e )  f o r  I = 1,2 ..., NP. For Subrou t ine  
SHIFT, NP i s  assumed t o  be 1. 
. 
S L I C E  
Subrou t ine  SLICE 
Purpose : 
To determine t h e  p o i n t s  i n  a s t a c k  of p l a n e s  whose v a l u e s  
s a t i s f y  a r e l a t i o n  wi th  a g iven  i n t e g e r .  
Usage: 
Parameters :  
Exec 
I P O  
I P I  
N P I  
KREL 
NUM 
i t i o n  
Each 
- Index of o u t p u t  p l a n e  
- A r r a y  of i n d i c e s  o f  p l a n e s  i n  t h e  i n p u t  s t a c k  
- Number of p l a n e s  i n  t h e  i n p u t  s t a c k  
- I n t e g e r  s p e c i f y i n g  a r e l a t i o n .  P o s s i b l e  v a l u e s  
and t h e i r  cor responding  r e l a t i o n s  are : 
1 - less t h a n  
2 - less than  o r  e q u a l  t o  
3 - equal  t o  
4 - greater t h a n  or  e q u a l  t o  
5 - greater t h a n  
compared 
- I n t e g e r  w i t h  which p o i n t s  i n  t h e  i n p u t  s t a c k  are 
p o i n t  of p l a n e  I P O  i s  set  t o  1 i f  it cor re sponds  t o  
a p o i n t  i n  s t a c k  X P I ( l ) ,  . . . 8  I P I ( N P 1 )  whose v a l u e  is i n  t h e  
r e l a t i o n  s p e c i f i e d  by KREL t o  NUM. Other  p o i n t s  i n  p l a n e  I P O  








































Subrou t ine  SNAP 
Purpose: 
To p r o v i d e  t he  PAX u s e r  and the PAX s u b r o u t i n e s  w i t h  a means 
of o b t a i n i n g  memory dumps. 
Usage: 
CALL SNAP 
Execut ion:  
This s u b r o u t i n e  i s  dependent upon the type of machine and the 
o p e r a t i n g  system b e i n g  used. Idea l ly ,  i t  p r o v i d e s  a s u b r o u t i n e  
trace and t h e n  dumps t h o s e  p o r t i o n s  of memory b e i n g  used by PAX. 
I 
SUMONE 
S u b r o u t i n e  SUMONE 
Purpose: 
T o  add ( s u b t r a c t )  a p l a n e  a l g e b r a i c a l l y  t o  (from) a s t a c k  of 
p lanes  and an a s s o c i a t e d  s i g n  p l a n e .  
Usage: 
CALL SUMONE ( I P ,  NP,  IPS, I P I ,  IADSB) 
Parameters :  
I P  - S t a c k  of p l a n e s  f o r  absolute v a l u e  o f  t h e  sum 
NP - Number of p l a n e s  i n  I P  
IPS - Sign  p l ane  a s s o c i a t e d  w i t h  I P  
I P I  - Plane  t o  be added or s u b t r a c t e d  
IADSB - I n t e g e r  whose v a l u e  i s  1 f o r  a d d i t i o n  or 2 fo r  
s u b t r a c t  i o n  
E x e c u t i o n  : 
Wnen t h e  s u b r o u t i n e  1 s  c a l l e d ,  p l a n e  IPS has t h e  v a l u e  1 a t  
each  p o i n t  co r re spond ing  t o  p o i n t s  i n  s t a c k  I P  t h a t  a r e  t o  be con- 
s i d e r e d  n e g a t i v e .  Negat ive zeros are n o t  v a l i d .  When t h e  suhrou-  
t i n e  i s  f i n i s h e d ,  s t a c k  I P  and p l a n e  IPS have been a l t e r e d  t o  re- 
f l e c t  t h e  r e s u l t  of add ing  or  s u b t r a c t i n g  p l a n e  I P I .  S i n c e  ove r -  
f low i s  n o t  d e t e c t e d ,  t h e  u s e r  m u s t  see t h a t  s t a c k  I P  i s  s u f f i c i e n t -  



















Subrou t ine  TMARK 
Purpose : 
To de termine  each p o i n t  i n  a p l a n e  whose number of 
ne ighbors  w i t h  t h e  v a l u e  1 s a t i s f i e s  a r e l a t i o n  w i t h  a g iven  
i n t e g e r .  
Usage : 
Parameters :  
LDL - Address c o n s t a n t  p o i n t i n g  t o  d i r e c t i o n  l i s t  I D L  
I P O  
iPi - i ndex  o f  i n p u t  p l a n e  
I P C  - Index  o f  c o n t e x t  p l a n e  
KREL - I n t e g e r  s p e c i f y i n g  a r e l a t i o n .  Possible v a l u e s  and 
which d e f i n e s  neighborhoods 
- Index  o f  ou tpu t  p l a n e  
t h e i r  cor responding  r e l a t i o n s  are: 
1 - less than  
2 - less than  o r  e q u a l  t o  
3 - e q u a l  t o  
4 - g r e a t e r  than o r  e q u a l  t o  
5 - grea ter  than 
NUM - I n t e g e r  f o r  comparison 
Execut ion:  
A p o i n t  i n  p l a n e  IPO i s  set  t o  1 i f  t he  number of IDL-  
ne ighbors  of the  cor responding  p o i n t  i n  I P I  i s  i n  t h e  r e l a t i o n  
s p e c i f i e d  by KREL t o  NUM. Then, i f  I P C  i s  n o t  0, p l a n e  I P C  i s  
anded o n t o  p l a n e  I P O .  
The d i r e c t i o n  l i s t  I D L  may c o n t a i n  up t o  1 2 7  d i r e c t i o n s .  
D i r e c t i o n s  i n  excess  o f  1 2 7  w i l l  be d i s r e g a r d e d .  
S u b r o u t i n e  TSHIFT 
Purpose : 
To de te rmine  whether  a s p e c i f i e d  s h i f t  would s h i f t  any 
p o i n t s  w i t h  va lue  1 o f f  a p l a n e .  
Execut ion:  
CALL TSHIFT(IP, NX, m, JGT) 
Parameters :  
I P  - Plane  index  
NX - H o r i z o n t a l  s h i f t  c o u n t  
Ns' - V e r t i c a l  s h i f t  coun t  
JGT - Computed go t o  pa rame te r  se t  by s u b r o u t i n e  
Execut ion : 
, I f  t h e  i n s t r u c t i o n ,  CALL SHIFT(IP, I P ,  NX, NY), would 
s h i f t  a p o i n t  with v a l u e  1 off p l a n e  I P ,  J G T  i s  set  t o  2. 
Otherwise ,  J 'GT i s  s e t  t o  1. 
UNCOOR 
Subrou t ine  UNCOOR 
Purpose: 
To retrieve t w o  p o s i t i v e  in t ege r s  t h a t  w e r e  packed 
i n t o  an i n t e g e r  variable by Integer  Func t ion  COORD. 
U s a g e  : 
CALL UNCOOR(K, I ,  J) 
Parameters: 
K - V a r i a b l e  c o n t a i n i n g  t w o  pos i t i ve  i n t e g e r s  
I - V a r i a b l e  t o  be s e t  t o  t h e  f i rs t  i n t e g e r  
J - V a r i a b l e  t o  be s e t  t o  the second intecjjer 
E x e c u t i o n :  
I and J are se t  t o  the  p o s i t i v e  in t ege r s  which w e r e  
packed i n t o  K by  I n t e g e r  F u n c t i o n  COORD. 
WINDOW 
S u b r o u t i n e  WINDOW 
Purpose: 
To clear a p l a n e  and t h e n  set  a l l  the p o i n t s  i n  a window 
t o  one. 
Usage: 
CALL WINDOW ( I P O ,  I W )  
Parameters: 
IPO - Plane  i n d e x  
IW - Window 
Execut ion:  
I 1 




P l a n e  I P O  i s  cleared and t h e n  all p o i n t s  i n  window I W  
are  se t  to  o n e .  
a re  n o t  r e l i a b l e .  




S u b r o u t i n e  WRITEC 
Purpose: 
TO set  a p o i n t  on a p lane  t o  1. 
Usage: 
CALL WRITEC ( I P ,  KX, KY) 
Parameters :  
I P  - P l a n e  index  
TS - Column of the s p e c i f i e d  p o i n t  
KY - Row of the s p e c i f i e d  p o i n t  
Execut ion  : 
The p o i n t  i n  the KX column, KY row of p l a n e  I P  i s  set  t o  1. 
WRITE2 
Purpose: 
To s e t  a p o i n t  i n  a stack of planes to  a g i v e n  v a l u e ,  
Usage: 
CALL WRITEZ(NVALUE, KX, KY, NP, I P )  
Parameters :  
NVALUE - Value t o  which p o i n t  w i l l  be se t  
Kx - Column of p o i n t  
KY - Row of p o i n t  
NP - Number of i n d i c e s  i n  I P  
I P  - Array of plane i n d i c e s  
Execut ion:  
The po in t  i n  t h e  KX column, KY r o w  of the stack of 
p lanes  I P ( 1 ) ,  ..., IP(NP) to set to NVALUE. Only the NP 
l o w  order b i t s  of NVALUE are  considered. 
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